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STIMULUS ‘GENERALIZATION’ AS A PROCESS 
OF RECOGNITION 


зү €— а ай £s 
By Irvis Воск and Ашск Lasker, Rutgers University, 
and JANET Simon, Yeshiva University 


An organism can respond to a stimulus if it identifies the stimulus 
as identical to or similar to one it has learned to respond to in the 
Past, Le. if it recognizes the stimulus. Psychologists of various per- 
Suasions would no doubt subscribe to this statement, but beeause 
the process of recognition has not itself been effectively dealt with, 
they do not seem to realize the implication of this view. The im- 
Dlication is that concepts such as ‘association’ or ‘S-R connection’ 
ате not applicable to recognition. Indeed, experience with a single 
item ean lead to a form of learning not encompassed by most eur- 
rent theories, beeause these theories have presupposed that learn- 
Mg must be associative. For although item-learning has been dis- 
Cussed in the literature, the assumption has been that it consists of 
Integrating ог associating the components of an item, e.g. of inte- 
Grating the letters of a nonsense syllable. Even if it is true that non- 
Sense syllables must be "integrated in this fashion, it is clearly not 
ча that stimuli such as forms or any of the smeny qualities — 

0. color, tone, or odor—must be so ‘integrated.’ They need only be 
Dereeivoq. : : 


р In contrast to these theories, assume, rather, that an organism 
Сеооа c А 5 : vb s a 
eves a single stimulus—a form, a color, ete.—and that a mem 


or а um 
Y of that stimulus is established. When, later, that stimulus or 


‚ 1968. A few of the experiments hone 
© conducted when the first two authors were at the New School for 


earch and the remainder were conducted at Yeshiva Unive у. 1 he 
Wallach, Eleanor 


arlicr drafts of this 
ard (IX3- 


i m Ebenholtz, and Solomon Asch for reading сайн : 
H3 work was supported in part by a Research Scientist AW 
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-3 
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2 ROCK, LASKER, AND SIMON 


one like it is presented again, the organism may recognize it as one 
previously encountered. To explain this process of recognition, it 
only seems necessary to say that the present stimulus makes con- 
tact with a memory trace of the relevant previous stimulus. The 
present stimulus may be similar, but not identical, to the previous 
one, and recognition may nevertheless occur;! the organism also 
may or may not be aware that the new stimulus is somewhat dif- 
ferent from the previous one. Now, when A and B have been as- 
sociated, recall of B presupposes that recognition of A has occurred. 
The reason for this statement is as follows: A and В were associ- 
ated in the past. When A recurs (or a stimulus similar to A oc- 
curs), the perception of that stimulus is a new event. The present 
A is not associated with B; rather 
countered A is associated with D. Therefore, the present A must 
first make contact with the trace of the previous A before we can 
reasonably expect the associated response B to occur. This was 
the point made many years ago by Höfiding.? 
paper, this process of the present A contacting the previous A is 
called ‘recognition.’ It produces а sense of familiarity, 


, the trace of the previously en- 


that stimulus. It is recognition that 
d, but since 


sually revealed by a 
se we do not 
But as far as 


response associated with the 2! 
test recognition directly, at least in animals or infants, 


* Kohler and others have argued that activation of the trace 1 is 
of similarity to the present stimulus, See W. Kahler, Dynamics in potes 
1940. See also I. Rock, A neglected aspect of the Problem of recall: The 
Hofiding Function, in J. Scher (ed), Theories of МЫЛО em, | 

2 H. Hófiding, Outline of Psychology, 1891. | 


STIMULUS ‘GENERALIZATION’ 3 


stimulus ‘generalization’ is concerned, the associated response can be 
considered to be primarily an index of the fact that recognition has 
taken place. 
In short, the present paper suggests that stimulus 'generaliza- 
tion’ can be understood as the recognition of a stimulus similar but 
not identical to a previously encountered stimulus. In the realm of 
Perception, we are accustomed to expect recognition or response 
equivalence when the stimulus is changed in certain respects; we 
speak, for instance, of transposition of a form or melody, by which 
We mean that the reaction will be the same because certain es- 
sential whole qualities are the same. Apparently then, the memory 
trace can be and is activated when the stimulus is only similar, 
but not necessarily identieal, to the one originally seen. In fact, if 
recognition of stimulus A depends on the arousal of trace A on the 
basis of a similarity even when stimulus A is unchanged, then it 
would follow that identity is not required and that certain non- 
identical stimuli can activate the trace as well, ùe. that there is a 
tolerance of the trace-arousal mechanism such that a new stimulus 
18 capable of activating the appropriate trace as long as it is suf- 
ficiently similar to the original stimulus. From this point of view, 
what we call stimulus ‘generalization’ is а predictable fact, not 8 
Problem to be explained. That is to say, the central problem 18 that 
of trace arousal on the basis of similarity, but recognition of non- 
identieal and identical stimuli are not separate issues. It is the 
absence of ‘generalization’ that would be a problem. It may be 
observed at this point that since recognition may occur despite 
awareness of certain stimulus differences, recall cannot be expected 
to fail because the stimulus is different unless S does not identify 
that stimulus with the one used in training. ‘Generalization! may 
* a function of S's identifying the test stimulus with the training 
Stimulus (as Lashley and Wade and as Prokasy and Hall imply) 
but S need not necessarily be unaware of any difference. W Heng 
dere is no awareness of difference, it would seem inappropriate to 
Use a term such as ‘generalization,’ since there is then no reason to 
assume any process different from that which takes place when po 
Identical stimulus is used; where there is awareness of difference 
s ai similarity too, the term is perhaps less inappropriate; нв 
er case § is clearly not engaged in a process of univer 


з E лаб һо1. 
Ree Lashley and М. Wade, The Pavlovian theory of generalization, PS pee 


»» 93, 1946, 72-87: casy F. Hall, Primary 
er: rád , 72-87; W. F. Prokasy and J. F. " 
alization, Psychol. Rev., 70, 1963, 310-322. 
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from particular instances. It is for this reason that the term ‘gen- 
eralization’ is used in quotation marks throughout the paper. 

It may be helpful to contrast the theory outlined above with the 
traditional association theory of stimulus “generalization.” Accord- 
ing to Clark Hull, for instance, an association or habit is estab- 
lished, during learning, not merely to the stimulus to which the 
response is conditioned, but to other similar stimuli along a con- 
tinuum.* The habit has maximum strength for the reinforced 
stimulus and lesser strength for the similar stimuli; it decrenses in 
strength the farther away the stimulus on the continuum from the 
reinforeed stimulus and thus results in a gradient of generalization. 
On the other hand, the theory proposed in the pre. 


sent paper de- 
nies that multiple habits are established during le 


arning. Only one 
association is formed. During the test, other stimuli can activate 
that association if they can activate the memory of the stimulus 
used in training, ie. if recognition occurs. Thus according to this 
View, there is an act of perceptual recognition intervening in the 
chain of events at the time of the test, and this recognition is not 
just another response index of a habit, but a process distinct. from 
habit. 

The hypothetical internal events bearing on recognition and as- 
sociation are the aspects of stimulus ‘generalization’ with which 
the present paper is concerned, Obviously, there are many other 
facets of ‘generalization’ bearing on the organism's behavior, e.g. 
the roles of reinforcement. and partial reinforcement, extinction, 
discrimination training, measures of response, and the like. Al- 
though the theory presented here may 
to these aspects of ‘generalization’ 
seek to deal with them. Rather, it sceks to show, first of all, that 
recall of B is contingent upon recognition of A when the latter is 
presented in a test (Experiment I). For although recognition and 
recall are generally treated as different methods of testing retention, 
and although recognition is known to be easier than recall, the two 
have not been considered interrelated in the contingent manner sug- 
gested here. Once this dependence of recall 9n prior recognition is 
established, the present paper tries to show that ‘generalization’ of 
ап association pertains to the recognition of А, not to the associ- 
ation between A and B (Experiments II and III). Obviously, many 


difficulties with the theory must here remain essentially unanswered. 
Some of them are briefly considered in the Discussion. 


ultimately prove relevant 
behavior, this paper does not 


* C. Hull, Principles of Behavior, 1943. 
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EXPERIMENT 1 


аан determining whether or not A must be 
ГЭЭР таана ae inl B ean һе recalled would be to ask 
Фин ШОП зал, "a ae d Бишпасие and to recall the 
ib teen] wins хөөсийг ion from the theory proposed would be: 
ШШШ, ofer pes although recognition may oceur with- 
жы. шаа such a procedure might not lead to con- 
inis. la Fs ` n 2 S would not be likely to say, “Хо, Т do not 
hun Sack ам Ч Ше nevertheless giving an association to the 
Éste que € ын would seem contradictory to S, and he would 
wien dio он 5 н it, (The fact that it would seem contradictory 
Senilion a * 1 Ч m of the contingency between rec- 
аса] deis amd she recall of an associated B. There is no a priori 
Ше КК быы cannot recall B and not — 
ОТ. Ты gin e кр ч үйд! олан Эрин ce 
КЕРДЕН Bet ‹ ai this difficulty, recognition and rec? 
in time. 


Proc A " А : 
atin үй е Immediately after S's exposure to n list of paired associates, the 
stimulus ite 3 

us items alone were presented together with an equal number of new 
sked to say ‘yes’ when he recognized 


items of 

a 40 of the same eategory, and S was 
а stin те ч 2 \ d я : 
fet Mulus that had appeared in the learning period, After this recognition 


fae i ша from the original learning were presented again, and 5 wi 
ӨГ frs is са of the associated items. The items to be learned were 48 pairs 
3x5 | S and simple conerete nouns, each of one syllable. printed on 

. cards. The list was presented for one trial, at a rate of 5 soc. per 
s. For the recognition test, the 48 


ae 1-860, interval between cards. ; 
Der card йг чрүүн together with 48 additional names; 3 sec. were allowed 
inal rte А а Т-хос. interval between cards. For the recall test, the 48 orig- 

з were presented again, and S was asked to give the correct noun 
interval be- 


аваны 
рр cach; S see, per card were allowed. with а 1-в‹ e. 
it Tosg likel „О list was used to ensure failures of recognition and to make 
when subse: мы 5 would remember what he had said in the recognition test 
After lo ee tested for recall. | | | юм 
same procod Ss had completed the experiment, six more Ss were run by 
Sty the fir ure, except that in the recall test, they were asked. io guess OT 4 
теш ld not think of the cor- 
at all to the items pre- 
t to respond to items to 
ng the last 


авын me d M came to mind when they cou 
sented fas шэн irst five Ss often made no response 
Which they Е , perhaps because they were reluctan | 

ы membered "ing ‘no’ in the recognition test. Foret 


5 Eit on 
or vies anal for an entire list can precede recognition for the entire list 
Subsequently In a preliminary experiment we adopted the first procedure. We 
recall, a end discarded it when we realized that, with recognition, following 
tation die of ‘ves’ might signify recognition of an item from its presen- 
during ini ng recall (a second encounter) rather than from its pre sentation 
nitial learning. 
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six Ss to respond provided additional opportunity for negative cases, i.e. recall 
despite prior nonrecognition. The ample time for recall (8 sec.) and the use 
of names as stimulus items also favored negative cases: 2 name could, for 
instance, appear familiar at the time of recall. thus not inhibiting recall, even 
though it was not positively identificd during the recognition test. 


Results. Since 48 pairs were shown to each of the first. five Ss, 
there were 240 items. Of these, 195 (819) were recognized. Only 
16 (6.5%) of the new items introduced on the recognition test were 
incorrectly identified as familiar. There were 100 (42%) correct re- 
sponses on the test of recall. The crucial question, of course, was 
whether any of these correctly recalled items had not been pre- 
viously recognized. Since 19% of all items presented for learning 
were not recognized, one might expect 19 of the 100 items correctly 
recalled not to have been recognized if there were no particular 
relationship between recall and recognition. In point of fact, 
there was only one such case. This was very much in aecord with 
the prediction. In general, recognition was superior to recall, and 
there were many instances of recognition without recall. Of the 140 
instances of no recall, 96 were previously recognized and 44 were 
not. Hence, virtually all (44 of 45) cases of no recognition were 
followed by no recall. 

For the six Ss forced to respond in recall there were 288 total 
items. Of these, 202 (7076) were recognized. Only 17 (695) of the 


new items introduced on the recognition test were incorrectly iden- 
tified as familiar. There 


test of recall. Since 30 


‹ › 108 were previously recognized and 81 were 
not. Hence, virtually all (81 of 86) ca 


followed by no recall. 
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time was allowed for recognition than recall; hence during the long 
8-sec. exposure of an item during reeall, recognition might have 
occasionally succeeded where previously it had failed. Furthermore, 
there was a conservative tendeney operating during recognition: 
30% of the original items were not recognized, whereas only 6% of 
the additional items were incorrectly recognized. In other words, 
for all items combined, Ss said ‘yes’ 38% of the time and “по” 62% of 
the time, which suggests that when there was some doubt, S said 
‘no,’ Finally, it is possible that some cases of correct recall were the 
result of guessing. For these reasons, the few exceptions can be 
tolerated without being considered to contradict the hypothesis 
that recall is contingent upon recognition. Hopefully, а technique 
may eventually be found that will rule out these alternative expla- 
nations of negative instances.® 


EXPERIMENT II 


If recognition of A is a necessary precondition for recall of B, 
then any ‘generalization’ which occurs in the recognition of stimuli 
Similar to A would make it possible for the associated B to be re- 
called. (This assumes that once the trace of A is aroused, B has as 
800d a chance of coming to mind when stimulus A is only similar 
to trace A as when it is identical. Of course, recall of B may fail to 
Occur even if A is unchanged, so that complete ‘generalization 


means recall for similar stimuli is as good as for the identical stim- 


ulus, not that recall is perfect). Any failure of ‘generalization’ in the 
recognition of such similar stimuli would lead to failure of recall 
of B. In other words, if it can be shown that ‘generalization’ or the 
lack of it is a matter of recognition or failure of recognition (in- 
Volving A alone), then it would be gratuitous to assume that ‘gen- 
Sralization’ has anything to do with the association between A and 

: On this reasoning were based Experiments II and III. Briefly, 


* А А : hypothesis 
tha Mter this paper was completed, studies reported testing Min D mulus: 


ам associative activation was contingent upon recogniti А rb. 
Ls E. Martin, Stimulus recognition in aural paired-associate learning, J- МО, 
Learn. verb, Behav., 6, 1967, 272-276; E. Martin, Relation Pete 500-505; 

Ognition and paired-associated learning, J. ezp- Psychol, 74, наг learning, 
Ji буй Bernbach, Stimulus learning and recognition in paired-associ mi КАЧ eceli 
for t Psychol., 75, 1967, 513-519. In these experiments recogni 1 the problem 
дозе УЕП item were tested at the same time, thus not avoiding We do 10 
recall ed above, In fact, in the studies by Martin, S was not ыг to choose 
One И e considered a stimulus "new" or even to “guess but on y tout) io 
Say ы three numbers (in one experiment) or (їп the other expen эр Жен 
ciated Teo) eight digits that came to mind, when these eight wer 


А : р these stud- 
ies 27. terms for all items, Apart from this possible flaw, however, - 
Indicate that recall of B depends upon recognition of the associate A. 
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all Ss were required to learn paired associates and were then tested 
for recall with the stimulus member of one critical pair either 
changed or left the same. The proportion of correct recall computed 
for groups given different critical stimuli then provided the kind of 
data often obtained in 'generali 


tion’ studies. Ss were also tested 
for their recognition of the critical stimulus. The prediction was 
that for certain changed stimuli, recoznition and, therefore, recall 
would be unimpaired or, to put it another way, ‘generalization’ 
would be complete. For other changed stimuli, recognition would 
not occur, which would necessarily lead to a decrement in тоса and 
thus yield a gradient when the data for all Ss w combined, The 
experiments were thus designed to show that the : nee 
of a decrement in recall of the item associated with the critical 
stimulus was completely explicable in terms of the presence or 
absence of recognition of that stimulus. 


ibsenee or pre 


Materials. In two preliminary studies, the critic: 


I stimulus was a circle which 
s varied in size, or an ellipse which was varied in the ratio of its 


different groups during the test. Then, been 


wr 


axes, for 


dt is diffieult to find а figure 
which will yield a gradient. when it is changed slong some specitiable ceon- 


tinuum, it was decided to make use of the well-known fact that most shapes 
look different when seen in different orientations. It is obviously possible to 
specify degree of change in terms of degree of change in orientation, but it 
is questionable if this is the relevant psychological variable, 
physical change of the stimulus involved w 
true the proximal stimulus, the retinal image, is increasingly changed from its 
original position the more the figure 
that that is not the factor which | 
tation of the retinal image 


There is no 
hen it is differently ori: ией, It is 


is tilted, put it has been demonstrated 
roduces the phenomenal change, The orien- 
can be held constant—by techniques such as tilt- 
ing the observer the same amount ав the figure—and still the figure will look 
different in orientations Which differ with respect to the up and down of 
space Furthermore, as was demonstrated for the figure employed here, phe- 
nomenal change is not nee arily a function of degree of orientation change. 
For these reasons, orientation was a dimension ideally suited to the present 
purposes. Based on facts in the realm of perception, the stimulus could be 
modified to alter its phenomenal appearance, thereby altering its recogniza- 
bility and so influencing the probability of recall, Fig: 1 shows the critical 
stimulus so devised (А) and its iations (В, С, and D). B represents a 90° 
tilt clockwise; C a 114° tilt clockwise; D a 34° tilt counterclockwise, Although 
B is tilted 90°, there ate reasons for believing it is perceived as more similar 
to A than D, which is only tilted 34°. B is symmetrical about a horizontal 


*I Rock, The orientation of forms 
this Јоскхл,, 69, 1956 28; I. Rock and W. Heimer, The effect of retinal 
and phe pomer al Paen май yi tis perception of form, this JountNaL, 70: 
1957, 493-511; I. Rock аш ag caiman. An experimental analvsis of visua 
symmetry, Acta Psychol., 21, 1963, 171-183. биниллнх I NA 


On the retina and in the environment, 
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Fic, 1. Сштсм, Fiovres; EXPERIMENT П 


axi 


eden fee ae about a vertical axis. These are the two important 
Other figures e ДАП M ca 5 Also, B rests on a point, as docs A. The 
Ч k аго so oriented that a side is horizontal. forming а 
for the reader), the 
on the 


base, Views ^ 
ныр: ерам (no longer an easy achievement 
: ght side is com "mM P ЗОВ the side extending upward from the base 
irregular, asvmn k 23 N absent from. experienee, Hence C and D appear as 
Possibly € will со. il quadrilaterals, with one side resting on the ground. 
9n a longer нем ко somewhat less frequently than D because it rests 
therefore, її Б Ann does D, not because it is tilted 114°. It was expected, 
Not. quite ns ogg he recognized a high percentage of the time, although 
yas A itself; that C and D would be recognized much less 
ognized less often than D. 
ato iee lv s (in the preliminary studies) or 
the sigas th un. cach containing a figure and a nons nso syllable. One of 
as the eritieal figure Circle. ellipse, or A). The other five, noncritical, 
The nonsense syllables paired with 
S to S. The series was presented 


Often th: 

pon A or B; that C might be ree 
А ure; Ss were pr 3 2 
SIX enr! e. Ss wore presented with six slide 


figures 

cae geometrical shape s. 

twice in eis were randomly varied from 

16) lates din 52 order. Cards were shown for 3 see. each, Ss were instructed 
and its syllable. Following the 

© to read for 5 min. The 

assigned to one of 


irt the associati ^ 
Second | thy association between each figure 
5 rial all Ss w : : P 
Seta al all Ss were given a mimeographed articl 
Ци ai : 

бор main experiment were college students randomly 

groups of 25 Ss each ` 
‘sented with the critical figure 


In th 
10 rores 
recall test, one group of Ss was pr 
A in the main experi- 


Standar 

err du, or ellipse in the preliminary studies; 1 

tions of vim. Te other groups were given critical figures that were varia- 

Spectively Ti цайн ellipse axes (preliminary studies) or B, © and D re- 
у. The remaining five test figures for all groups were the noncritical 

уз presented first in the 

he same for 


Wuros seen i Sri 

lost, End 1h in training. The critical figure was alw: 

all Eroups 1 шэн of the remaining five, noneritical, figures Was t 

desirable | Any other position of the critical figure in the test would not be 
aining stimuli, à set. would 


ичтен 
ay cause after exposure of the other tr 
shown without modifi- 


l to thee 
effect that the training stimuli were being 


8 E 

0. Goldmeier, 17 

21, i a7 1 dmeier, Ueber Aennlichkeit bei Gesehen Figuren, Ps chol. Forsch., 
g y 


937, 146-208. 
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cation. Also, S might even begin to anticipate the critical stimulus by a process 
of elimination.) As each stimulus was exposed, S had 8 sce. to write down 
the associated nonsense syllable. This part of the procedure is similar to that 
гээ used by Yum (1931), and later by Gibson (1941), to study ge neralization 
in humans by means of paired soriates learning. One very important dif- 
ference, however, is that Yum and Gibson varied the stimuli for many or all 
of the test items, whereas the present investigators varied only one, the very 
first presented in the test. We suspected that if many test items were varied, 
53 would quickly realize that the stimuli they had seen in training were being 
presented in some modified form—a state of mind hardly congruent with the 
goal of tapping the spontancous reaction to changed stimuli. In fact, we had 
performed an experiment like Gibson's and found that Ss did develop such 
? realization and that it led to various г sponse strategies. Thus we sought to 
avoid any definite expectation, cither that ши hanged stimuli were being 
shown or that changed stimuli were being shown, by using only one critical 
stimulus and presenting it first in the test. There were other differences 1n 
procedure from Yum's or Gibson's, e.g. number of pairs, number of training 
trials. and interval between training and test. 

After the recall test for each figure, S was tested for his recognition of the 
stimulus. No mention was made of the recognition task until recall for the 
first item was completed. Then S was asked to say ‘same’ if the figure looked 
exactly like one of those used in the training series, ‘similar’ if it looked some- 
what changed to him, and ‘different’ if it did not look at all like one of the 
figures he had been asked to learn. He was given 5 sec. to make this response. 
The wording of this recognition test was such as to ensure S's understanding 
that his response was to indicate his recognition or lack of it at the time he 
had seen the critical figure, moments earlier, during the test for recall, To be 
sure that S was properly identifying the critical figure when he said ‘same’ or 
‘similar,’ he was asked to make a brief sketch of the corresponding figure he 
had been shown in training. It will be noted that in this design, recall and 
recognition for each item were tested together, unseparated by testing recall 


for the entire list and only then testing recognition, or vice versa as in Ex- 
periment I. 


7 


Results. In the preliminary studies 
the groups tested with figures of different size or shape from the 
training figure as for the groups tested with the training figure it- 
self, ie. ‘generalization’ was complete. However, recognition re- 
vealed no gradient either. Recognition of the altered test figures 
was virtually total; from what is known about perception, one 
would expect recognition for varying sizes and similar-shaped el- 
lipses to be rather good. Thus, the groups did not differ in recogni- 
tion, nor did they differ in recall, with the exception, in the ellipse 
study, of one group tested with a circle and another tested with an 

9 К. S. Yum, An experimental test of the law of a 


3 ssimilati exp. hol. 
14, 1931, 68-82; E. J. Gibson, Retroactive inhibiting ation, J. ezp. Psychol» 


í ion as a functi { degree 
of generalization between tasks, J. ezp. Psychol., 28, 1941, 93-115. ion o g 


, recall was about as good for 
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=r the axes of which were in a ratio reversed with respect to the 
эсээр аас these groups, recall dropped and so did recog- 
тэн абе ын тү studies are not described in detail because 
aoid a pel nón a of the altered test figures did not 
иен гри al у песе test of the hypothesis. That is, the 
with rere Dont that generalization in recall is correlated 
failur cw: Ч Жадо, but they did not adequately show that 
г re of ‘generalization’ is due to failure of recognition. 

2 om experiment, Fig. 2 gives the proportion of Ss in 
нх ТЫ es e groups that recalled the а: ociation for the critical 
rim лын 4 299 tirat the two groups given figures A and B did 
figure D ae Як from one another, whereas the group given 
пету кист. € н the control (or A) ae түз 
Recall fo [sagem ы the .05 lev Hus decals eS " 5 LA 

p given figure C was probably spuriously high 


be : Кб. ss 
cause this one group was superior in ability to the other three. 
100 
90 
"0 
6 70 
= 
8 
p^ 
а RECOGNITION 
Ё (samo or similar) 
2 50 
Q 
Ё Үс Tul RECALL 
5 NON CRITICAL 
« 
a 


зо 


RECALL 
20 CRITICAL 
19 RECOGNITION 
{same only) 


б ~ o 
GROUPS 


(N=25 In each group) 


Fig 
-2. Весли, (CRITICAL AND NONCRITICAL) AND Rucoanition (SAME OR 
SIMILAR AND SAME ONLY): EXPERIMENT 
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Fig. 2 also shows that the group given C achieved a higher score 
on recall of noneritieal times than any of the other groups. When 
this difference in ability was taken into account. recall for the 
critical item approached that of the group given D. Without taking 
this into account, the group given C was not significantly poorer 
than the control group, but if the data for the groups given л and 
B are combined and compared with the data for the groups given 
C and D, the two distributions were significantly different at the 
05 level using a one-tailed test of xë. In other words, the critical 
item for the groups given С and D was less frequently recalled, 
ie. a gradient of recall was obtained. (The overall level of recall of 
the noncritical figures was not different from that of the eritical 
figure, at least for the control group and the group given B.) 

The recognition curve for the four groups makes the recall data 
readily understandable, Recognition (responses of ‘same’ or ‘simi- 
lar’) was essentially total for the groups shown A and B, whereas 
it dropped sharply for the other two groups, both of whieh dif- 
fered significantly from the control group (which was shown A). 
This drop in recognition ean account for the drop in recall for the 
groups that saw C and D. Of the cases of successful recognition for 
all groups, the proportions of these which led to recall showed no 
gradient: they were 48%, 46%, 57%, and 43° for the groups 
seeing A, B, C, and D respectively, Thus it is clear that the groups 
Were essentially alike in their recall if опе: 


assumes that the pool of 
possible recallable items was composed of only those items which 


were recognized, and if one takes into account the superior ability 
of the group shown С. (The overall superiority in all groups of ree- 
ognition to recall was, of course, to be expected.) In other words, 
there was no gradient in recall when recognition was successful. 
Hence it is fair to conclude that the gradient of recall when it 
was obtained was produced by the occasional nonrecognition of C 
and D, as this nonrecognition was expected on the basis of knowl- 
edge about phenomenal changes in perception. It is of interest that 
figures C and D led to the same decrement in recognition despite 
the fact that D represents a change of 34? and C a change of 114°. 


Figure B, which represents a change of 90°, did not show a decrement 
at all. 


It is possible to go further than merely predicting group per- 


formance in recall on the basis of group data on recognition, In ac- 
cordance with the contention that recognition of the test-stimulus 


A is a necessary condition for recall of B, there should also be no 
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recall w ange tite T 
Энэ үгээрээ “анар in the recognition test. In point of fact, 
recognition there HEE Dan the case, i.c. where there was no 
that these failures r Ын = ын pfied interest is the fact 
thm, Sesion ae ae : € more оеп errors of no response 
хаз recognition (i ч Ss: 1 P" 2 He ftiures. ai recall whee there 
were generally ко. зам! same or similar’ in the recognition test) 
SIGN dm арр н of incorrect response. 1 he failure of recall in 
response сггогх E we най the tendency e these eases to be no- 
ip зангийн also found in the preliminary study with el- 
ны eh de of the noneritieal figures in the main experi- 
total of 300 dg у high, there being only 13 failures out of the 
ӨЙҮ. none » A ising oc imei to all Ss combined. Interestingly 
12:51 tle 13 ШП n ad ишин was preceded һу correct, recall, and 
ja m ipu es were no-response errors. © 
“Зэн сг that S was asked to draw the original figure 
н E yenever he responded ‘same ог ‘similar in the 
ШЕ with "s : in every ease he was able to draw the critical 
reasonable accuracy. Hence it cannot be elaimed that 
an attempt to be consistent with a 
sons, ean it be argued that no 
ntially an attempt at consis- 
call and then recognition, 
ason why S would 
recall.!! (2) All 


eit арад was merely 
male 1 response. Nor, for two r 
en rari no reeall was also esse 
be: зас C were many cases of no re 
fac] ннан гэн ан easier task; there was ne re 

isistent in recognizing where he failed to 


alvzed in terms of no response 
no stress was laid on guessing, 
г, when the name was not ан 
“whereas 804 were of this kind 
no-response errors were 
that when names 
from 
items wi recognized, the error in reeall was 
5(7). It is as if Ss felt it inappropriate to guess 

itself recognized as from 


associi А So 5 
the ligt iion. from the list if the test tem was not i 


< that the correlation between recogni- 
iet that recognition depends upon recall, 
Tt might be held that 
ind when he thinks he 
imulus. The most 


AX y 
tion А spmewhat different. argument 
Le. that [есап merely reflects the 
during Е зоти cognition is а consequence of recall. 
makes a ACH ion test S covertly tries out responses i 
convincin orreet response, he then says he recognizes the stimt à 
Where bob refutation of this argument is the fact, that in all experiments 
Teported he recognition and recall have been tested—as in the experiments 
cours», i е often suceceds where recall fails. The fact 15, of 
vation of ded compatible with the theory suggested here because the acti- 
o activation e A on the basis of similarity of the stimulus need not lead to 
re Uehol., 74 i pi tbs associated trace B. Furthermore, Martin (ор. С, J. exp. 
cognition d 967, 500-505) has provided evidence against the hypothesis that 
1 depends upon recall. 
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but one case of no recognition occurred in the groups given figures 
C and D, ie. in the groups for which one might predict a decline 
in recognition on the basis of perceptual change. 

Does ‘generalization’ mean unawareness of any difference be- 
tween training and test stimulus as Lashley suggested? No, be- 
cause the plot of ‘same’ responses reveals a sharp gradient. In 
fact, only three of the 75 Ss in the three groups given a modified 
critical figure said ‘same.’ Yet many of these Ss did recognize the 
similarity of the figure and did recall the association. This sharp 
gradient of ‘same’ responses also appeared in the studies with circles 
and ellipses, where ‘generalization’ was virtually complete. Hence we 
see that ‘generalization’ is not a function of failure to discriminate. 


EXPERIMENT III 


Materials. Experiment III was performed in an attempt to produce phe- 


nomenal changes (in a figure) more directly correlated with physical changes. 


This was accomplished by rotating a cardboard cutout of a figure about 8 
horizontal axis and tracing the jecti 


frontal plane. The figure itself w: 
dard figures shown in a different orientation. Fj 
which had а 54° acute angle on the left side, and B and C, for which the 


comparable angles were 32° and 16° respectively. The noncritical figures were 
polygons selected to be of comparable complexity. 


Re —. 


A B с 


Fic. 3. Сатса, Ficurrs: Experiment III 


Procedure. The Procedure was similar to that of Experiment II except for 
these changes. (1) Words, rather than nonsense syllables, were paired with 
the figures to make the learning task easier. These four-letter. one-syllable 
frequency of appearance? (2) The : 
S, recall preceded 


‚ Опе group was shown the critical figu 
group was shown B; and the t 


те (A) as it appeared in 
(3) The training i i 


hird group was shown C- 
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look at them, and then I will ask you some questions about them.” The figure 
was then presented. Ss in the recognition-first condition were asked: “As you 
looked at that figure a moment ago, did you regard it as one of the figures 
you saw when you looked at the cards the first time? That is. would you say 
it was identical to. similar to, or different from one of the figures you saw 
before?” If S said ‘same’ or ‘similar, he was asked to draw the figure. He was 
then asked: “Do you remember the word that went with it?” The instructions 
for the recall-first condition simply reversed the order of the questions. (4) 
Instead of having Ss read an article between training and the tests, they were 
Given а digit-symbol task to perform. 

During the test, 8 sce. were allowed for recall. Of cours», for the recognition- 
first condition, the time between the initial presentation of the stimulus and 
recall varied, depending on whether S recognized the figure and on how long 
it took him to make the drawing. Six groups of 15 Ss were run, three groups 
in each condition. The Ss were primarily college students. 


, Results. The results for the recall-first condition, the recogni- 
tion-first condition, and both combined, are presented in Fig. 4, 5, 
and 6 respectively. For both conditions, recall for the critical figure 
Was as good for the groups given B as for those given the unchanged 
4. Recall for the groups given C, on the other hand, was clearly 
Poorer, Paralleling these results for recall were those for recognition 
(responses of ‘same’ or ‘similar’). There was only а slight decline 
for the groups given B, whereas there was 8 sharp decline for those 
tiven C. Because these trends were so similar for the two con- 
ditions, and because the small number of Ss per group other- 
wise made statistical comparison difficult, the following analyses 
Were based on the data for the two conditions combined (Fig. 6).” 
It can be scen that recall for the critical item was the same for the 
groups given A and В and that recall of the noncritical items was at 
about the same level for these two groups. For the groups given C, 
recall for the critical item dropped precipitously, thereby departing 
from the level of recall for the noncritical items, which remained at 
the same level for the groups given C as for those given A and В. 
‘he difference between recall of the critical item for the groups 
Sven C and those given A was significant at the .01 level. Thus à 


c 1 There appear to be two differences between the results af ths €— 
condition and the recognition-first condition. One is Group C’s lowe bm 
Doth recall and recognition for the critical item when recognition ae an 
wa is was probably the result of a somewhat different set when А 
and not tested in the context of recall as it was in the recall- эн Po sede 
et; ME Experiment II (see that section; see also n. 5). The athene р 
Bares the two conditions is in the absolute level of recall amme ks "eüeéted 
By Ups. For recall-first, the three groups seemed to differ in abi o da of oak: 
ical © Scores for noncritical items. But it is clear from а eompar’s OP alive dh 
recall 14 Noncritical items that only for the C group was there 
of the critical item. 
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gradient was obtained. The decline 
the groups given C js fully 
ognize C, for of those 


in reeall of the critical item for 
accounted for by the 587 failure to rec- 
cases in the three groups where C was rec- 
ognized as the ‘same’ or ‘similar,’ the percentages of recall of the crit- 
ical item were 62% , 68% and 67% respectively. Hence it is again fair 
to conclude that the gradient of recall obtained was produced by the 
nonrecognition of the altered figure, As in experiment II, where 
there was no recognition, there was no recall; here, these failures 
of recall were always cases of no response rather than incorrect 
guesses. (It may be noted that the transformation of B was ap- 
parently not enough to lead Ss to the phenomenal impression that it 
was much different from 4 ; they all regarded it as at least similar.) 

Once again, the plot of ‘same’ recognition re 


s sponses revealed & 
Sharp gradient. Therefore it is quite clear th 


at many Ss who recog- 
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nized D and C as ‘similar, and who may also have recalled the as- 

sociated word, were nevertheless clearly aware that the figure was 

not identical with the one shown in training. The recognition of 

Попев] figures was again good. Of 450 test presentations, there 

еу жле of nonrecognition. None of these 17 were cases 
i eurred, and all were no-response errors. 


Discussion 

One mi ak iti i 
юм ашп take the position that the experiments reported аге 
үү жы Мы а М E "Wc" : 
| | )eeuuse it is obvious on intuitive and logical grounds that 
гос бс 4 а me . H H 3 T . 

Ul presupposes recognition in paired-associates learning. Intu- 
ociation 


itively Toe : : a 
{ ely, the aet of recall may be said to imply giving an 
D £ ite : 5 ‚ шил эл ^ 8: 
endis item one has encountered previously. In terms of the logie 
1 xL i А E Nd. oh 2 
ined in the first paragraphs of this paper, recognition of A 
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be a prerequisite for recall of an associated 
ce of it is the obvious source 


| 1 ances where Gestalt psycholo- 
gists cite the argument of Héffding) 14 They are considered in- 


dependent ways of testing retention, One reason for this is that when 
recognition is tested, the task is typically different than when re- 
call is tested. In the former case, S learns a list of single items, gen- 
erally in randomly varied order; in the latter case, he learns as- 
sociations, either serially or in pairs. No attention wai ever paid to 


14 l'or an analysis of the implication of Найд ол : ck. 
in Theories of Mind, 1962 (see n, 1). ^ ^. Hofiding’s argument, see also Rock: 
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the obvious fact that in the associative situation the recognition of 
the constituent items would be occurring (or failing to occur). 
Another explanation of the failure to see the importance of the 
relationship between recognition and recall is the fact that the- 
orizing about learning has been based upon association psychol- 
ову. If all learning is associative, then it is not clear what recogni- 
tion is, and with very little exception, one does not find discussion 
of this problem in the literature. A few psychologists have tried to 
treat recognition as the emitting of a prior learned response—the 
recognition response"—an hypothesis which is very hard to un- 
derstand. It would scem to require the assumption that during 
learning 5 associates an item with the response ‘I recognize this.’ 
Such an assumption is clearly absurd. Yet if we don’t assume this, 
how can we account for a response never associated with that 
item? If, on the other hand, some learning is not associative but 
rather consists of the depositing of a memory trace of a sensory 
event, recognition is perfectly understandable. In other words, one 
can learn items in the sense that one can later recognize or recall 
them.'5 The present. authors submit that the associative bias has 
Prevented psychologists from viewing stimulus ‘generalization’ in 
terms of the reaction to the stimulus term itself rather than in 
terms of the connection between it and a response. Although psy- 
chologists have begun to use recognition as an index of 'generaliza- 
tion,’ e.g. in areas such as perceptual learning and semantic gen- 
eralization, it seems implicit that recognition is considered an 
associated response of some kind and, therefore, to pose no special 
Problems.16 
There are, of course, also difficulties with the presently proposed 
theory, If S is unaware that a test stimulus is different from the 
training stimulus, ‘generalization’ may well then be expected. If, 
p, teen, S is aware of the difference, but also aware of the sim- 
arity, then it becomes somewhat more problematical as to what 
e Will do insofar as responding with the association is concerned. 
© have argued that the similarity suffices to tap the appropriate 
in C Т, Roek and J. Ceraso, Toward a cognitive theory of associative eani 
recall бошка мм Cognition: Theory, Кееш Promise DE ol a 
19 not at all mtg in) a КЫ ү: абме process. See 8 Е. 
азе And 5. М. Ebonboles, The proces of free recall: Evidence for non- 
ciative factors i Sd rd on, J. Psychol, 54, 1962, 3-31. 
16 1 s in acquisition and retention Psychol. 8 SSH Ordems 
libson and E. J. Gibson, Perceptual learning: авео оон 


Tichim. 
Producay” Psychol. Rev., 62, 1955, 32-41: B. J. Underwood, MEUS 
by implicit verbal responses, J. exp. Psychol. 70, 1965, 12 - 
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trace (A) and, once that occurs, that the associated D will come to 
mind as often as when A remains identical. But one might also argue 
that even if it does come to mind, S must decide whether or not the 
changed stimulus ‘calls for’ the response. In the experiments: n. 
ported in this paper, one would imagine an 5 to feel that a similar. 
stimulus represented one oi the training figures and that a ‘different 
stimulus did not. The data suggest that the Ss did behave in ac- 
cordance with this understanding. In the cir 


study, ‘sume’ ret- 
ognition responses were preceded by correct recall 7872. of the time 
and ‘similar’ recognition responses were preceded by correet recall 
78°C of the time; in the ellipse study, the corresponding values 
were 6577: and 64% respectively; in the main part of Experiment II, 
on orientation, the corresponding values were 45 and 5050 
respectively; and in Experiment III the 
61% and 72%. Hence it is clear that awa 
difference’ led to correct recall 
of identity. 


corresponding values were 
reness of ‘similarity with а 
as frequently as did the experience 


Although the data of Experiments IT and TIT we 
terms of whether or not a gradient w 
theory presented is clearly an 


re analyzed in 
as obtained, the recognition 
all-or-none theory: If recognition 
occurs there will be no response decrement 
will be no response at all. Hence a gradient, if it is obtained, is an 
artifact of a measure based on probability of response. The prob- 


ability of honrecognition increases as the phenomenal difference of 
the stimulus increases and more Ss fail to recognize it. If the same 
S could be tested many times without losing naiveté 
could be obtained even for one 


sif it fails to occur, there 


‚ then a gradient 
S. In either ease the gradient would 
not represent varying degrees of habit strength. How then can the 
recognition theory explain a gradient 
ures such as amplitude, latency, or 
suggest the following explanation. Stimuli which are identical to oF 
not discriminably different from the raining stimulus will, of course; 
yield responses of unchanged amplitude, rate, or lateney, Stimuli 
which are perceived as similar yet discriminated as different from 
the training stimulus will create uncertainty in the mind of the 
S, who must decide whether or not the stimulus is the signal for the 
unconditioned stimulus, ie, epresent the training stimulus: 
This state of uncertainty could easily lead to increased latency or 
decreased rate or amplitude of response. Data from another 
method that has been used in studying the problem of “допога!” 
ization’ may have some bearing on this issue, According to the 


generated by response meas- 
rate of response? We would 


does r 
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n ids 
e а 2 Таня and Wade, the animal, after train- 
ilu Gor Bet Ta л the training stimulus from one sim- 
from which they Mine en the training stimulus was not preferred, 
zation’ was total Бахь 5 ^s there was no gradient, that ‘generali- 
cca "M хүйсны the animal had not attended to all specific 
using this method ey stimulus. However, other experimenters 
matone fer the т demonstrated that the animals do show a 
Зиа tare : tatang stimulus. MacCaslin, Wodinsky, and 
fested ШЕЕ "p that Whether 9r ло! E preference is mani- 
өвсийг 2 M the difficulty of the original training.’ If it is 
fondos, “eet Ае animal is forced to attend to the training 
xin wii rick =e that various of its features (e.g. size, shape, 
йе diiffüsonee I i 58 being the case, the animal will be aware of 
ӨШ БИЕШ lis ‹ ет: the test stimuli. Restating this in terms of 
to the а both test stimuli are recognized as similar 
бйр бү. stimulus, but one is experienced as identical, the 
yiold а A erent in some respect. Naturally, this method will 
a gradient just as did the present experiments when plotted by 


the responsos of same onis 
Accordi 5 Р к ad NT 
cording to the explanation of stimulus ‘generalization’ sug- 


Teste М A * 
gested here, as in that advanced by Lashley and Wade and by 
at the time of the test and not during 


В: n i 4 
ran, ‘generalization’ occurs 
ys are formed during learning 


oda It is denied that association an 
ity to tl эргээ stimuli—whieh lie along a continuum of similar- 
Often ete idea used in training—and the associated response. 
Pius iuo 8 continuum would have no existential reality for the 
Maeda Am, Sa if it did, it docs not follow that the neural rep- 
le эг : 5 of stimuli whieh lie on it would in any way be aroused 
onfiittum. ses during (runing, unless several stimuli along the 
wat used during training. Instead, as noted above, 'gen- 
01 trace ғ ч һе understood in terms ofa ‘tolerance’ in the process 
arousal based on similarity at the time of the test. 


SUMMARY 

aves behind a mem- 
the stimulus object, 
ssociative process. 


If tt 
h 9 —! . е 
ory tr € mere perception of a stimulus object le 
hen m and if the trace adequately represents 
de learning of items is often not an à 


11 Las 
218 е and Wade, loc. сїї. А 
lion ag ap МасСаайн, J. Wodinsky, and M. E. Bitterman, Stimulus gencraliza- 
this JouRNAL, 65, 1952, 1-15 


483 а functi p. ED 

EN letion of pr 9 

ashlee f prior training 

ditionod pe and Wade, loc. cit.; G. R timulus gener: 
sponses, Psychol. Bull., 46, 1949, 337-365. 


alization of con- 
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Rather, if recognition is defined as the arousal of the trace when 
the stimulus object is encountered again, and if this arousal is based 
on similarity, then recognition should occur even if the stimulus is 
to some extent different. Thus, it is this recognition of similar, but 
not identical, stimuli that may be the essence of ‘generalization. 
(Research with animals does not directly test recognition, but the 
elicitation of a conditioned response by a similar stimulus reflects 
the fact that the stimulus is recognized.) That is, the first step in 
associative recall may be the arousal of the trace of the stimulus 
(recognition). In line with this theory, the present experiments pre- 
sented evidence that in associative learning, 
nition. The probability of recall of the ite 
stimulus was shown to be a function of wh 
was recognized, and recognition was shown 
aware the stimulus was not iden 
eralization’ is not equivalent to 


recall presupposes recog- 
m paired with an altered 
cther or not that stimulus 
to occur even when S was 
tical to the one learned, so that ‘gen- 
failure of discrimination. 


ON PRODUCING THE MEANING IN SENTENCES 


By Doxarp G. MacKay Ахр Вовквт W. BOWMAN, JR., 
University of California, Los Angeles 


Clarification of the roles of syntax, semantics, and phonology in 
Speech production was the main goal of this paper. One specific 
question was whether practice in producing the meaning of a sen- 
tence facilitates speech rate independently of syntactic or articula- 
tory factors. To answer this question, bilinguals were asked to pro- 
duce translations of sentences they had practiced in their other 
‘nguage. If these translations were easier to produce than non- 
translations, with appropriate controls for syntax and articulatory 
factors, we could conclude that practice at a semantic level fa- 
Cilitates the rate of speech. Other questions were: Does practice 
With the meaning of a sentence reduce the probability of errors in 
Speech production? Are there different psychological types of mean- 
Ng, as Katz and Fodor postulated?! Can speech production be 
Viewed as an analytic process, whereby а general propositional 
Meaning is analyzed into a set of specific meanings before being 


transformed into words? 


Srupy I 
Practicn, BILINGUAL TRANSFER, AND ВАТЕ ОЕ SPEECH 


Hypothesis 1: On Practice Effects in the Production of Sentences 


ili re able to 
MacKay has elsewhere demonstrated that bilinguals que e 


peak faster i л hich they are more 

in the language with which they 9 : 

ere, familiarity was varied by having bilingual Ss repeatedly ae 
"€ a single sentence in one language in a short period of time. 


rece ted was sup- 
q eved fo icati st 26, 1968. The work repor 
tere by UCLA Gent aaa re funds of the Department of. Psychology, 
Drs, Donet W i ор. N 
тв, Donald Lindsey. Donald Wolter George Mount, Edward Me шы 
ent Sy Со нь, for generously lending various pieces of ешршш ellent хэн 
Bestiong 57 and Drs. Tom Trabasso and Eric Holman, for their ез 
103; ate and J. Fodor, The structure of a semantic theory, Language, 39, 
зт E , 
Under a MacKay, Of age und experience: Factors in the control of speech 
*'Ayed auditory feedback, forthcoming. 
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short-term and long-term practice have similar effects, the ee 
produce a sentence should decrease with repetition even though t 
Sis speaking at his maximum rate throughout. 

Procedure. Twelve German-English bilinguals were paid for pala ome 
(in this and the experiments to follow). All we re stude nts at UCLA. E ; aci 
of the Ss were native German speakers who had learned English in high seh i 
and had lived in America for at least a year. The remaining S was an i 
ican who had spent several years in Germany. All of the Ss were fluent ri 
both languages, having spoken their second language of sm 
years. Their mean age was 24 years, with a range of 
Ss were presented with a sentence typed on 
instructed: 


for an av й 

ages from 18 to 3%. Thes 
i ie then 

an index card, and they were the 


This is a study in speech production, and we я 
fast sentences сап be read in different langi 
tencea typed on cards like these, one card at 
of sentences S would be resding 


interested in knowing how 
ges, ГИ give vou a set of Sen 
time. LE then gave examples 
Л Esch sentence is to be rend их fast as По A 
ble. Don't worry about making errors, but don't omit words, ГИ tell you fie 
forehand whether the sentence is in English or in German. DII give you the 
card face down, and when I tap the table, turn the card over and read th 


T 1 : н are 12 sen- 
sentence, There will be 12 r penitions of each sentence, and there are 12 
tences in all. 


Half the sentences were in German and half were in English. They were ob- 
tained from German literary works with available English translations. The 
sentences averaged 15 syllables in length, with a maximum number of 16 and 
& minimum of 14 syllables. The trials were recorded on a Sony-Matie СТС 
105) tape recorder, Two judges independently determined the times for pe 
ducing the sentences, by stopwatch; they did not know whether a sentence 
they were timing was a translation or a nontranslation, 


Results. The average times to produce the sentences show that the 
rate of speech increased for suecessive repetitions of a sentence: 
(Fig. 1, left section) The difference in production time for the first 
four and last four repetitions was significant at the .01 level, using 
a two-tailed, signed-ranks test with Ss as the unit of analysis. Clearly: 
the maximum rate of speech was not fixed for à given individual but 
varied with his practice or familiarity with the 
ducing. This increase in speech rate may, 
to practice with the phonological, synt 
sentences, so the next point of inte 
whether practice in producing the 
time required to produce that 


material he was pro” 
however, have been due 
actic, or semantic levels of the 
rest became one of determining 


. Р е 
meaning of a sentence reduces th 
sentence. 


8 F. Diirrenmatt, Der Besuch Der Alten Dame, 1957: The: Viel, P. Bowl 
(trans.), 1962. F. Kafka, Der Prozess, 1948; The Trial, W., and E. Muir (тап: 
1948. E. Remarque, Im Westen Nich 


IT ertt 
ts Neus, 1929: All Qui the Weste? 
Front, А. Wheen (trans.), 1929. AM Quiet on th 
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Repetitions Repetitions 


Fio, 1, Meas Times ror Раоргетхс Хонмм, SEN 
(TI IN Transrer arrer Practice: Hyrotitt 
rosalina n Were averaged over Ss. The increase in m 
Shown at О рате shown at the left—transfers acr 
at the right—for lations, the greatest transfer ocet 

Hons with a word order similar to that of the practice sentences.) 


Н : 
Vpothesis 2: On Semantic Facilitation Across Languages 


A transfer paradigm was employed to test the hypothesis that 
Босни with the meaning of a sentence mereases the maximal 
Эмнэг The Ss were again instructed to repeat a sentence 12 
н. at their maximal rate. This procedure is described as the 
Practice phase, The Ss were then given the following instructions in 


What jc б 
at is herein called the transfer phase: 


tice sentence you will be given а second sentence which зөн 
1 i id succession. You will be to 


: possible, four times in тари 
TI sentence will be in English or German. 
edi given two practice trials with practice нает 
transfor 5 to ensure that they understood instructions. цэгээн 
ish, an co was in German, the practice sonten тч na 
translati vice versa, On half the trials, the transfer en ne " z 
Practiced | of the sentence S had practiced. For сар НЕ na» 
аш к sentence, Das konnte jeder merken, der ib doe 
Anyone ee then the sentence in his transfer phase “цөн eines 
н ын 9 looked at his sallow skin could see that, от е 
rth so The sentence beginning 


Anyon meaningful as a soldier. ч 
аці who is a translation of the practice sentence, with the same 
E but different word order and speech sounds, but the sen- 
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tence beginning For no man bears no relation to the practice sen- 
tence in phonology, syntax, or meaning. According to the semantic- 
facilitation hypothesis, which suggests that practice in producing 
the meaning of sentences increases rate of speech, therefore, the 
sentence with the same meaning as the practice sentence (Anyone 
who, here) should be rapidly produced, but production of the sen- 
tence whose meaning is irrelevant to the practice sentence (For no 
man, here) should not be facilitated. 


Procedure. The order of the practice sentences 
In order to equate the difficulty of the 
transfer sentences for half the Ss served as the practice sentences for the 167 
maining Ss. The difficulty of the translated and nontranslated sentences in the 
transfer phase was equated by making each sentence in the transfer phase 8 
translation for half the Ss and a nontranslation for the other half of the 58 
Thus, for different Ss, each sentence was used an equal number of times both 
аз a translation and as a nontranslation, A further control for sentence diffi- 
culty was to have two pilot Ss read each sentence at their maximum rate- 
Their mean rate and SD were then calculated for the 36 sentences, and 5207 
tences which were produced in much longer or much less time than the mean 
were replaced by other sentences. There were thus selected 24 sentences in 
German, with their English translations, making 48 sentences altogether. (Other 
examples of these sentences appear in Table I, under “With Different Orders.”) 
Each 8 received six sentences in each language in the practice phase. 


Results. The results are show; 
One question was whether 
The rate of Speech for th 
faster than for the nontr 
ference was not signifie 


was randomized for each 9 
transfer and practice sentences, the 


n in the panel at right in Fig. 1. 
sentence repetition resulted in fatigue. 
€ first four practice sentences was slightly 
anslation test sentences, However this dif- 


6 ant at the .20 level using a two-tailed, 
signed-ranks test, Thus, if there was a fatigue effect it was very 


small. The translations were produced faster than the nontransla- 
tions in the transfer phase, as predicted by the semantic-facilitation 
hypothesis, This difference was significant at the .05 level (using ? 
two-tailed, signed-ranks test). It is obvious that this difference was 
not the result of sentence difficulty, since the same sentences served 
as both translations and nontranslations for different Ss. We can 
only conclude that the increase in Speech rate for the translations 


was due to practice in producing the meaning of а sentence, since 
the translation sentences differed fy 


А om the practice sentences in al 
respects but semantics. 


Hypothesis 3: On Word-Order Effects 


The translations in the 


test of Hypothesis 2 varied the word 
order of the original senten 


ce, as translations often do. Since wor 


[vi 
ч 
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TABLE I 
EXAMPLES ОЕ NonMaL SENTENCES 
Translations with similar orders 


Besten er pliindert uns jetzt als nach dem Besuch der Dame. 
est he plunder us now and not after the lady's visit. 


In einer Ecke des Zimmers standen drei junge Leute. 
In one of the corners of the room were standing three young men. 


Die Hiiuser auf unserer Seite sind geräumt worden. 

lhe houses which are on our side have been abandoned. 

Das Miidchen auf der Bretterwant ist für uns cin Wunder. 
The girl on the poster is for us a complete wonder. 

Die andern setzen sich und lehnen die Rücken an das Gitter. 
The others sit down and lean their backs up against the fence. 


Translations with different orders 


Er hätte geradewegs in sein Zimmer gehen können. 
It had been his intention to go directly to his room. 


Ich habe an einem Morgen vierzehnmal sein Bett gebaut. 
have rearranged his bed fourteen times in one morning. 


Auch ist dieser Blick in den Spiegel wirklich angenehm. 
his moment before the mirror is truly a pleasant one. 


Was würden wir geben, wenn wir zu ihnen zurück eaten 
What we would not give to be able to go back to i 


h vorn, um abzulósen. 


Vor vi л 1 
erze age ssten wir nac x 
" їл Tagen. ши lieve the front line. 


"ourtecn days ago we had to go and re 


order may be an important determinant of the practice effect in it- 
Self, however, transfer for translations of practice sentences having 


16 Same word order was then compared with transfer for transla- 
19 ider the pair, 


- If word order plays a role in practicing sen : 

ansfer phase fo: rae a syntactically identical — 

be greater than for a translation with altered word em 

The earth is more meaningful to a soldier than anyone галт 

Wer able I for other examples.) Instructions, Ss, and = € 
9 the same as in the investigation of Hypothesis 2. The orde 


ca | i ized for 
ас р ОП of the two types of translations was randomize 


won sts. Fig. 1 shows that transfer for the translations in the same 
Order was greater than for the translations in а different word 
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order. This difference was significant at the .05 level using а Бэй 
tailed Wilcoxon test. One explanation of this findine is that Ч #4 
guals may associate a series of words in one language with its War 
ation in their other language. In some sense, then. our Ss o 
already have practiced the translations in the transfer phase w си 
producing the practice sentence. Since this low-level explanation өг 
not been conclusively rejected in other studies of bilingual transfer 
it was tested with the following experiment. 
Hypothesis 4: On Facilitation at the Word-Level— 
An Alternative Explanation of the Practice Effect 

Katz and Fodor pointed out that а 
siders only denotative or * 
it excludes the : 


semantie theory which con 
dictionary" meanings is inadequate, since 
wlditional meaning gained by analyzing the con’ 
textual relationships among the words of the sentence. Thus, two 
levels of semantics ean be distinguished: the lexieal or world 
tionary level and the sentential level, Meaning at the sententia 
level depends on the contextual interaction of the dictionary mean 
ings of words, For example, in the sentence Ie fed the information 
into the computer's memory store, the lexical item store cannot 
mean delicatessen in that context, If the words of a sentence are 
scrambled, however, this contextu 
stroyed or severely 
intact. Use of suel 
termine whether se 
the lexieal or sente 
found for transl 


al or sentential meaning is de- 
disrupted even when the lexical meaning is still 
1 scrambled sentences could therefore help de- 
mantie facilitation between languages oecurs ab 
ntial level of meaning. If significant transfer were 
ations of scrambled strings, it could be argued that 
the bilingual transfer found in this 


" ям n 

and other studies was based эн 

cross-linguistic association made at the word level while Ss read tb 
practice sentences, 


Procedure. The same 12 Аз were 
at their maximal rate, as if all the 
English respectively). One type was identic 
Hypothesis 1, eg. Dann packte auch ihn wie cinst den Gro ичет die WEE 
derlust (Then the wanderlust seized him as it once had his grandfather). үе 
the other type, the order of the words of the sc Dlenees was scrambled to giv" 


: а i 
Strings such as Den auch wie packte dann Grossvater einst Wanderlus p 
die (The also as seized then. grandfather once wanderlust him the). ын 
Table II for other examples of serambled sentences.) For the transfer pha” 


hy 
b. 


instructed to produce 
sentences wero 


«08 
two types of sentent 


nn = an (0f 
normal ones in German e 
to that used in the test 


*P. Kolers, Bilingualism and information 
1968; Interlingual facilitation of short-term 
Behav., 5, 1966, 314-139. 


5 Katz and Fodor, loc. cit. 


В Ж are 
Processing, Sei, Amer., Маг, 
memory, J. verb, Learn. 1 
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5 shown in the parentheses. 
The other half were nontranslations, such as Spun lane was the pilot 
tight for in spirals the injured. Each S produced eight scrambled pairs. The 
scrambled sentence in the transfer phase was а translation of the practice 
sentence for half the Ss and irrelevant to the practice sentence for the other 
half of the Ss, Comparison of translations and nontranslations was expected 
to determine whether facilitation was taking place at the lexical level. 


half of the scrambled sentences were translated 


Results. The time to produce the sentences was determined by 
Stopwatch as before. The effect of practicing serambled sentences s 
shown in the left panel of Fig. 2, Practice increased the tate for 
Ян serambled sentences in the same way as for the normal sentences. 

he average rate in the last four repetitions was significantly faster 
than that in the first four, a difference significant at the .01 level 
determined by a two-tailed, signed-ranks test. The transfer phase is 
shown at the right of Fig. 2. No facilitation was found for the 
translations of the serambled sentences. The difference between the 
translations and the nontranslations in the transfer phase was not 
Significant (.05 level, siqned-ranks test). Practice did not facilitate 
the production of translations of the scrambled sentences, as it did 

'e normal sentences, In fact, the translations of the scrambled 
Sentences were produced at a slightly slower rate than the non- 
translations, Both the direetion of this difference and the peculiar 
Shape of the function for serambled sentences Were unexpected. At 
“ae we are unable to explain this aspect of the data. 

onipari sen ad wi s normal sentences, we 
chide гаи ба emailed witi ий”: ee ae ace tt 

s at practice with the meanings of m 
stilitate the production of speech whereas practice with the pat- 
erned Meaning of sentences docs—t finding reminiscent of the Ges- 
falt principle that the whole is greater than the sum of its parts. MS 

Pecifically, the lack of facilitation for the scrambled sentences 


ean con- 


TABLE II 


TNAMPLES OF SCRAMBLED SENTENCES 


Damit ich Angelegenheit erledigt ist die glaube. | 
herefore I event preceding settled is the do believe. 


Ni 2222 x: 2 7 
1e Hundelauferei wissen diese nicht verboten ist. —, 

1 Оц dogs running about to know this not forbidden is. 

eu Horr er gut sie Sudermann hat gehalten gut sich i sei 
Sed Mister he good she Sudermann has stood well 1 y. 

ag auf lag des. 


Т, P 
"uo Blumen Amsel den auf Gartens cine sar r 
lay of the. 


ew | 
W flowers blackbird the on garden а sang on 


Wi H > 
у поздрав wir die zusammen ай war waren es Tage. 
Nderful we used those together all was were it days. 
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0.00 
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Practice Transfer 
Repetitions Repetitions 


z ;NCES ANP 
RODUCING NORMAL AND SCRAMBLED SENTENCES A 


NG PRACTICE AND IN TRANSFER AFTER Practice: 
HYPOTHESES 4 AND 5 


aged over Ss. The increase in maximal speech t 
shown at the left—transfers across languages 7 
ight—only for normal sentences, i.e. only as a result of sententiis 
г translations of normal sentences, word order differed from t 
practice sentences; for those of scrambled sentences it did not.) 


level of Meaning rather than the dictionary level and that, in facts 
may reflect practice in integrating meanings 2 
nto the context of the sentence as a whole; (2 


tie effects cannot be found at the w 
anything resembling a word diction 
ical meaning of a word depends on 1 
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nominator Г ГРЕЕТ Г 
еги мэн is present in all contexts in which a word is used 
and Wittgenstein have pointed out.* | 


Hypothesis 5: On Phonological Practice 


In order s «ин хай > 
Sentences, Syntactic features et T 10 be eliminated from the 
sentences to give stri A = were eliminated by scrambling normal 
nessed before had. m a: Rites man such never primitive wit- 
by Заг ws x a ern. Semantic features were then eliminated 
changes were ee rie letters in the words of the strings. The 
tern of English B ын to maintain the normal phonological pat- 
inal йор, ea 2 man depending on the language of the orig- 
by comptina e mp es of the nature of the changes can be found 
Wotnezzed e s sentence Rickes mun sach naiver primodave 
were thus synta 2 madori, with that above. The changed strings 
carried a ee ically, sententially, and lexically meaningless but 
German) read Ч  hunsiugiend structure. Pilot Ss (American and 
Pronounceable the Vies to ensure that they were meaningless but 
appear in т ле respective languages. (Additional examples 
eight such шэг н 2 The Ss were instructed to produce a total of 
normal heres кр 12 times at their maximum. rate as if they were 

ces in German or English respectively. 


TABLE III 
EXAMPLES or NONSENSE STRINGS 
German 


Gleuche meis schen alber won Echnung ürger Geblandenheit. 

Ni bes sumisch Redelt, wochst angedundeln neschaugen. 

Se вре sulehen Gernisch dirn urn dam zornum angefegen. 

Gie impfen zund Herfelersten reiblend win ang karpischte. 
ernte mis ehnet Verglubnet wolchgatten gniiliben. 


Li English 
Belo Dant perttis pavering nearly 10 
shed poaled entsing bort thamp rebunole hest thenticious. 
roe eel aoe grust severlate en foalt mesker raltingly. 
effin e sebning glabually therp samful marding tormous. 
g lornily thort nirlish goy ound pledganous soful. 


thas anerlous emkerment. 


Resul 

подаци 6 Ав the left section of Fig. 2 shows, practice with these 

as di Strings increased the rate of speech in the same manner 
lly meaningful 


idl. feats : 
Practice with the semantically and syntactica 


SE 
Witz, А. Ni 
1o tenstein Р) Morphology: The Descriptive Analysis of Words, 1946; L. 
3 » Philosophische Untersuchungen, С. E. М. ‘Anscombe (trans.), 
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sentences. Again, the average of the last four repetitions was te 
than that of the first four. a difference significant at the 01 рэн: 
using a two-tailed. signed-ranks test. We ean therefore conclude thí 
practice in producing the phonolo р тій 
of speech. In order to test whether this practice effect. transfer 
across languages, the Ss then 


^ Ў к » rate 
Чу of sentences improves the Т 


produced nonsense in their other x 
guage as in the tests of Hypotheses 2-4. No transfer was found. 
may be seen at the right of Fig. 2, the rate for the first four p 
titions in the transfer phase was no faster than that for е бе. 
four repetitions in the practice phase. This finding ae 
rules out the possibility of a phonological interpretation of E 
previously reported semantic and syntactic facilitation, Finally, : 
is interesting that reading the nonsense strings was so much slowe 


: „(ва PB: 
than reading the serambled sentences and normal sentences (хоо Т 
2, at the left). This с; 


in be interpreted to reflect the practice the 
Ss had had with the syntax, phonology, and sentential meaning 0 
the normal sentences, Study II then proceeded to test the generality 
of the semantic and syntactic facilitation shown in Study I. 


Strupy II 
Practice, Вилхс 


Hypothesis 6: On 5 
Feedback 


UAL TRANSFER, AND ERRORS iN SPEECH 


emantic Facilitation Under Delayed Ацайог! 


Hypothesis 6 postulated that practice in producing the meaning 
of a sentence reduces the probability of error in speech production: 
Delayed auditory feedback (DAF) served 
ing errors in speech, since normal Ss experi 
disorder when their auditory feedbac 
second.? They will stutter, prolong 
produce phonemes which are not part of any language with which 
they are familiar. MacKay has also found that the speech of 02“ 
linguals under DAF is disrupted less when they are speaking in the 
language with which they are more familiar” Thus, if short-term an 
long-term practice have similar effects, practice With the meaning 
of a sentence should reduc ech under DAF. 


as a technique for 104107 
ence a temporary speech 
k is delayed for a fraction of 2 
and omit speech sounds, an 


€ errors in spe 


Procedure. As in Study I, Ss repeated 


a Sentence 
tory feedback, The Ss then re 


: k di 
12 times with normal au 5 
peated four times д t 


: -а8 
. Wwe 
ransfer sentence which V 


7 B. S. Lee, Artificial stutter, J. s 
5 G. Fairbanks and N, Guttm 

articulation, J. speech hear. Res. 
9 MacKay, loc. cit. 


perch hear, Dis 
an, Effecis of del 
‚ 1, 1958, 12-22. 


~ 16, 1951,: 


: oP 
ayed auditory р 


feedback u 
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а translati í en CT: . 

lios nslation of the practiced sentence on half the trials. In the present study, 
"ever, Ss ге: Ax nas хилэн 0% 

th E 5з read this second sentence under DAF. The 12 Ss (the same ав 
ose m Study 1) were instructed: 

We w: 
e want to know SS Е 

DAF is Jd Куо how fast people ean speak different languages under DAF. 

this proble m. цо ӨР inducing stuttering in people who don't normally have 

phone, Or 1. oand youll be wearing headphones and speaking into а miero- 

did х everything is the same as in the first experiment. 


E th à 

nen review ? : 
fate 1 reviewed the procedure to be followed and gave S several sentences 
Ne read under DAF, The ар үт. Жао; 
OX Variable 


à ratus used to delay feedback w 
а set of a les т (Kay Electrie Company), in conjunction with 
microphone i ux (PDR 600) stereo headphones and a Mon: ch ГМ-18 
794), бре » 1n чаа enin was Connecte d to 2 stereo amplifier (Knight KN- 
sound ir dae ier Я headphones in this manner produced a maximal 
microphone ode of 95 db. The delay in feedback was set at 2 see. The 
8. Each i 5 i insted! so that it was approximately 6 in. from the lips of 
determined al was recorded on tape. Two experienced judges iure pend: nily 
under DAP, th sentence and the number of stutters 


OF loss than 
error 


the time to produce e: 
A stutter was defined as the repetition of speech sounds equal to 
a syllable in length, as in twit-itering. Stuttering was the only 
analyzed ло 


es ES, probabilities of stuttering for the translations and 
ions th: atrons appear in Гаре LY, rhe Ss stuttered less for transla- 
e mon nontranslations, а difference significant at the .05 
fn as 5 1 a two-tailed, signed-ranks test. This suggests that prac- 
rol of amiliarity with the meaning of a sentence facilitates the con- 
tween “Уан, under DAF, since the only factor in common be- 
Yrüetie 5 practice and transfer sentences was the semantics. Thus, 
Зэрэг In producing the meaning of sentences has an effeet ен the 
Study es speech similar to its effect on speceh rate as ships in 
tro] 2 : Moreover, we ean conclude that the increased rate and Эн 
ated speech were independent effects of раисе, їй oe d йн 
пао опта отв that inereasing the rate of speech increases 
lan decreases DAF interference.” 
her results further charaeterized the role 


of meaning in speech 


Dro : =з жин ni Я 
duction, (1) Semantic errors. Semantic intrusions occurred re- 
ЦЭ 
See MacKay ү ^ А 
n acKay, loc. cit., for justification. : я 
J. jon ‚сй, Jus H 2 0001 differences in reacting to de- 
inve “Beaumont and B. M. Foss, Individual ce YS. Fillenbaum and 


. 248, 1957, Si ; : : 
P disruption in reading with delayed 
: 1800-1801; N. Guttman, 
ished doctoral dis- 


( H e 
R. уо feedback, Brit. J. 1 
udito son, Jontextual constraints anc 
Expe Ту feedback, J. acoust. Soc. Amer. 33, 1961, 


Тито. Д ай »ubl 
Sorta ental studies of the speech control tem, unpu nading 
under ОП, Tniversity E Ilinois, 1954; E. Kodman. Controlled va co e 
Simi ауса speech feedbar aud. Res., 1, 1967, 186-193; D. 1 br delayed 
audi orities between pathologieal stuttering and stuttering inducec ГЖ ОН 
interval. cedback, fortheoming; D. G. MacKay, Metamorphosis E roducing 
Maximal Age-linked changes in the delay in auditory {сс засор 

al disruption with speech, J. acoust. Soc. Amer., 43, 1968, 811-521. 
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PROBABILITIES ОЕ STUTTERING Tran 


SLATED AND NONTRANSLATED 
NORMAL AND SCRAMBLED SENTEN: 


CES: HYPOTHESES 6 AND 7 
Probability of stuttering 
(per syllable) 


Translations Nontranslations 
Normal sentences 


-017 $ 22 
Scrambled Sentences ‚024 .022 
Note: N = 12; 48 sentences per S. 


peatedly. For example, one 


man said you should not let 
man said you sh 


Tead stories Composed of phras 
guage to апо ег? These errors p 
ported by Marshall y 
nephew, for ex 5 01 a similar sort also occur in norme 
who, like the dyslexic, immediately recognize their error when it E 
pointed оцы These Cases suggest, that reading may be a m 
structive process taking place at the semantic level in part and de 
Pendent, only in Part on the visual ; 


incapable of reading and pst 
as /бса or céf™ 


m 
50 occasional] in reordere 
Speech sounds, For e У Inverted or 


@ 

Oduced pedot, reversing о 
iti epot, This & made the same & 
Petitions of the Sentence, These Spoonerisms we!” 
MacKay io (8) Consistent! 


: а 
this Journa, 79, 1966, 37 
mb, » бушасн 

6, 169-176 Yntaetic and 


Su 
2) Semantic errors in paralesi 
Morton Pointed this out it jc 
а KE November, 1967, mS talk Presented to the UCLA Phone! 
15 K, Go dstein, Language and 

x MacKay, Of ag 


Langua 7 
© and experience бее n, 2) Dances, 1948. 


MEANING IN SENTENCES 35 


within subjects. An S frequently made the same error when repeating 
8 sentence. One S, for example, in producing the German word 
Seite (side), read Seite-te in all four repetitions of the sentence. He 
explained that he could predict where he would make errors in 
subsequent readings of a sentence but was nevertheless unable to 
avoid making them again. Bloodstein reports that individuals who 
normally stutter are consistent in this same manner—stuttering 
repeatedly on the same words in a passage. This suggests that 
Certain words are difficult for an individual to produce, in one 
ĉase with DAT, and in the other with normal feedback. (4) Con- 
sistency between subjects. Different Ss frequently committed iden- 
tical errors under DAF. For example, 75% of the Ss mispronounced 
b» German word for sniffed (which is schnupperte) ав schnupperte- 
e. The evidence for such between-subject consistency in studies of 
pathological stuttering is not clear, although it appears that dif- 
кее) elena iy not as —— the words on 
ы 1e Ss in the present study 


Hypothesis 7: On Facilitation at the Word-Level— 

Further Consideration i 

The hypothesis of lexical facilitation was rejected in Study I in 
avor of the conclusion that semantic facilitation occurs at the sen- 
tential level. Hypothesis 7 tested whether this conclusion also holds 
lr DAN iro sen As before, the possibility of lexical facilitation 
under DAF was tested with scrambled sentences (see Table II). The 
19 bilinguals practiced a scrambled string 12 times and then p 
"ced the scrambled transfer string four times under DAF. The 
scrambled transfer string was either а direct translation or а com- 
Pletely irrelevant string. 


Results, Again, no transfer in rate of speech was found, and pec 
Was no difference in number of errors between the translated ee 
.ontranslated strings. The probability of stuttering in а translate 

NIE Was as great as that of stuttering in a nontranslated me 
“Таше IV). The fact that no difference was present in {не аш e 

Stuttering between the translated and nontranslated mde 

nds the results of Study I. The conclusion that semantic facilita- 


Ч і i is. 25, 1960, 219 
and 9: Bloodstein, The development of stuttering, J. speech Dis., f , 
47 . speec 
Dis So Brown, The loci of stutterings in the speech Sequence, v дЫ 
tional% 1945, 181-192; J. Eisenson and E. Horowitz, The influence! 
МУ on stuttering, J. speech. Dis., 10, 1945, 193-197. 
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tion derives from the sentential rather than the lexical level : 
strengthened. But since this test did not control for rate of 5 
the probability of stuttering in a scrambled string was not directly 
comparable to that of a normal sentence. The final study was con- 
cerned with this question, 


Stupy IIT 
MEANINGLESS MATERIAL AND DAF INTERFERENCE 
Hypothesis 8: On the Effect of Mean ing Per Se 


Eisenson maintains that the control of speech in individuals 
who stutter improves when spoken material is made less meaning- 
ful? When stutterers repeat a sentence, they stutter significantly 
less, a phenomenon known as the adaptation сос 20 Bloodstein 
has suggested that this adaptation effect may be due to а затеи 
in the meaningfulness (propositionality) of the repeated passage? 
Thus, the effects of repeating a sentence in the present studies 
could be attributed to à reduction in meaning rather than to prae- 
tice in producing the meaning of a sentence, 

Hypothesis 6 demonstrated а phenomenon analogous to the adap- 
tation effect in that repetition of a sentence reduced stuttering under 
DAF. In view of the similarities between DAF and pathological 
stuttering shown by MaeKay;2? the adaptation effect could be in- 
terpreted as an effect of practice, In Study HI we Wished to ensure, 
therefore, that the effect of repetition was due only to practice and 
not to the reduction 01 subjective meaning postulated by Blood- 
stein, Accordingly, the meaningfulncss of sentences was varied, One 
set of sentences Was complete nonsens mother set was meaningful 
at the lexical level (scrambled sentences), and the third set was 
completely meaningful (normal sentences), [f Meaning disturbs the 
control of speech under DAF, as an extension of Eisenson’s and 
Bloodstein's theor 


‹ les would Suggest, then the completely meaning- 
less strings should be produced With fewer errors than the com- 
pletely meaningful sentences. 


Procedure. The Ss were 21 German.E 


пех} bilinguals 
Each set of sentences Was composed of 10 sente 


ВіЫе 22 (For examples of all three se 


» Students at UCLA. 
ences adapted from the German 
ts, see Table V.) The Ss produced each 


19 J, Eisenson (ed.), Stuttering: 4 Symposium, 1958, 295_9= 
20 W, Johnson, Stuttering in Children pee Айше Freie, 
at the University of lowa, 1955. x 
#1 О. Bloodstein, Conditions under which stuttering 
review of the literature, J, speech, Dis., 14, 1949, ? 
22 MacKay, Similaritio (see n. 11). 
53 E. Beck and M. Gabriele (trans.), Grossdruck 


ars of Research 


is reduced or absent: A 


Bibel, 1965. 
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Sit ЭРЭР : ы 
: ence only Once, with instructions to speak at their maximum rate for all 
aree types of sentences. 


е, T The order of the three kinds of sentences was ran- 

Л d ТО E e ~ 

delis ер ap each Am The DAF apparatus was the same аз before, but the 
Ч as 2 see, for 10 of the sentences and .175 sec. for the other 10. The 


order of presentine 
ici авс A Wines the sentence sets and the delays was separately randomized 
ach S. The ave & : 
5 15 db. 


sound-pressure level w 


ii р as a spar ch and probability of stuttering are shown 
sthitenens En : хиб 2 ability of stuttering was least for the normal 
а ын ва for the scrambled sentences, and greatest for the 

se strings. However, the rate for the nonsense sentences Was 


TABLE Y 
EXAMPLES or SENTENCES: HYPOTHESIS 8 
Normal sentences 

nt у . 4 ” . 
s pe hr Brot allein lebt. der Mensch, sondern auch vom heiligen Wort. 
nd üs Ч für uns alle Gerechtigkeit zu erfüllen. 
Aber uO Mel Шогойгы die Magier Heimlich zu sich. 
Betcitet da Ist die Ах! an die Wurzel der Baume gesetzt. 

den Weg des Herm und macht gerade seine Pferde. 


Niel 
E 


Scrambled sentences 


gen des nun Tochter Thimnath. 


Angesnet. Schaf, 
Кокла Schafe zu 1 | 
le ihren und Edomiter. 


In sind Fürst Magdiel der wie Erblau 
Maulpferde der « fand die hütete Wüste ist 1n. 

Oberste seinen getriumet ein wir Weinstock und zu hat. 
Alles gethan zu Gott solches in sprach könnten und Pharao. 


Nonsense strings 
Brander cinter zoben nocht jieglich meim Keiber Büdet ges. 
Niehe ши m Coldsehmiek brauke Ман! aust breide. 
Baucs Redel ihret Zimeis un, ders>lden ihrel Sam. 
Schmiile stut dur Shorstädt lan Majal Finder Meram gabet. 
Zornum Saucballan dam hierete win Maueln ein. 


n | 
ch slower than that for the normal sentences. As a control for the 


Ta nt : 
E of speech, the Ss were instructed to produce an additional set = 
o "та! German sentences at their normal rather than maximal Эс 
Speech. ” га н y : 
со peech, The rate of speech and probability of stuttering zi P 
specs are also shown in Table VI. Slowing down the ra "r 
я E ; in - ” 1 а 
ins h further reduced the probability of stuttering, ruling oa Ы 
: б 5 1 n C " с 
*of-speech interpretation of the differences 1n stuttering ) 
le thre к : ЕРЕ огів 2% This 
ce types of sentences, and confirming other rep 


Tes 1 j s 
! dls Supports the interpretation that meaning facilitates the joe 
er disrupting it. An 


го] 
Nor of speech under DAF rather than furth en 
Те generally, it provides an additional control for the conclus 


iffer in overall 
also the difference m overa, 
«i ПГ group in Study II. This 


?1 So i 
Probabilite 11 for references on specch rate. No 
| lifficulty, subject differences, 


differen of stuttering between this group anc 
and the i, may be attributed in part to sentence © 
increased amplitude of the feedback in Study III. 
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TABLE VI 


PROBABILITIES OF STUTTERING AND RATES or SPEECH ror NORMAL, 
SCRAMBLED, AND NONSENSE GERMAN SENTENCES AND 
Srrincs: Hyporuesis 8 


Probability of 


stuttering Rate of speech ) 
(per syllable) (seconds per syllable 
Normal sentences -10 
Scrambled sentences .80 
Nonsense sentences .15 
Control: Normal sentences, 
normal rate .06 .254 


Note: N = 21; 20 sentences per S. 


that practice with the meaning of a sentence directly facilitates the 
production of speech, : 

As yet, however, we cannot conclude that meaning per se facili- 
tates speech production independently of practice with the produt- 
tion of meaning. Other factors besides meaningfulness also varied in 
the three sets of sentences in this experiment. The word sequence of 
the scrambled sentences was novel and unpracticed. Similarly, the 
syllable sequence of the nonsense strings was unusual and unprac- 
ticed. Further research is needed to determine whether meaning 
fulness per se facilitates speech production and to test the hypothesis 
that the adaptation effect in pathological stutterers is due to prac- 
tice. 

Finally, the present findings support the view of speech produt- 
tion as an analytic process (as Wundt suggested) .?5 Practice at the 
Semantic level can be viewed as facilitating the analysis of a general 
propositional meaning (Gesamtverstellung, in Wundt) into more 
specific meanings, which are transformed into words. However, the 
data also suggest a constructive or synthetic process in speech pro* 
duction, since semantic practice effects seem to reflect the integra- 
tion of meanings of individual words to form the contextually 467 
pendent Gesamtverstellumg.25 Clearly, then, the present findings 
are also consistent with an analysis-by-synthesis model of speech 
production, as proposed by Stevens and Halle.27 


Summary 
Three studies focused on the 


practice effect in speech production— 
an effect which can be defined p 9 


as the increase in maximum rate 0 


25 ҮҮ, Wundt, Essays: Die Sprache und das Denken, 190 
incipi 9. 
26 Н. Paul, Principien der Sprachgeschi, ht , Н. 
Strong, pa d ME HR tichte, 2nd ed., Engl. trans. by 
21 K, Stevens ап » Halle, Remarks on analysis b nthesis and distin’ 
tive features, in Wathen-Dunn (ed.), Models y synthesis a: and 
Visual Form, 1967, 88-103. els for the Perception of Speech 
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producing 

a sentence as ar : 

fect of гс as a result of practice. This facilitating ef- 
8 as separately de stra 

peech production. y demonstrated for all three levels of 


Study I. | ; 
8 sentence rob обр level. Bilinguals practiced producing 
tion or a nontrans ЯВ ЦАС and then produced either a transla- 
Translations socio of this sentence in their other language 
though the "Кын easier to produce than nontranslations arate 
different fem Ч s and syntax of the test sentences were completely 
Was shown to iot practiced sentence. This cross-language transfer 
of meaning r: Á— on the sentential or context-dependent level 
When the en ier than on the word or context-independent level. 
Meaningless Wan practiced serambled sentences, which were 
his did вор t 5 he sentential level, a practice effect was found, but 
other lancu: ransfer to the production of a translation in their 

guage. (b) The syntactic level. The bilinguals practiced а 


Senten 
се as | : A 5 A 
»fore and then produced either a translation which 


Maintaine 
Tacilitation са same word order ог опе with dissimilar order. 
an for pee for translations with the same word order 
evel. The bilà -— with different word order. (c) The phonological 
and amm e practiced sentences which were semantically 
Nological а y meaningless but which preserved the normal pho- 
тоз “Tabb zm of the language—sentences similar to Lewis Car- 
leed, the “ээ осКу.” 8 When these phono 
aximum rate of speech was increased. 


also facilitated the control 
h resulted when the 
oduced a translation 
der DAF. The dis- 


logical strings were prac- 


Stu 

oe at these three levels 
5 practiced der DAF. Fewer errors in speec 
han when i sentence and then under DAF pr 
Inetion i produced a nontranslation un 
е important fo: sentential and lexical meaning was also shown to 
acilitation ог the control of speech under DAF: cross-language 
caning 20 occurred for sentential meaning but not for lexical 


Stud 

УІ 

Pletely 2 When a group of 21 Ss under DAF produced com- 
cing оо sentences, they made more errors than in pro- 
Cilitate th ningful sentences, suggesting that meaning per se may 
wil. С he control of speech under DAF. 

May, “атго! ЖЕ" 

wernt NEN Adventures under Ground: А Facsimile of the 1864 
Div heoreti a гө. 

есїз etical interpretation of this finding appears in D. G. MacKay, 
реесһ production at 


the ambigui 
Semantic pouty on stuttering: Towards a theory of sj 
el, Kybernetik, 5, 1969, 195-208. 


АХ EMPIRICAL SAMPLING STUDY OF 
THE DIXON AND MOOD STATISTICS FOR на 
THE UP-AND-DOWN METHOD OF SENSITIVITY TESTING 


Ву Үпллам Е. Kappatr, University of Ilinois, Urbana 


In the present study, empirical sampling procedures have been 
used to extend our information about the properties of the арг 
proximate maximum-likelihood estimators which Dixon and Mood 
developed for estimating p, or [Т 
sponse function when data have 
method.? This method falls in the 
measurement methods which are 
adaptive, or staircase methods.2 
and use by psychologists bee 
of the point of subjective c 
erally be more efficient, in 
method of constant stimuli. 


The up-and-down method is a routine for collecting observations: 
It applies in situations in which the subject is limited to two alterna: 
tive responses, 6.0. responses of “detection” vs. "non-detection, 
“second weight lighter than the first" үз. "second weight heavier 
than the first,” ete. It is Sequential in that the stimulus conditions 
‚ * Received for publication July 24, 1968. The wo: 
in part by Research Grant ХВ-05 f 
The present paper is a shortened ve 
to ХЇН: УУ. E. Kappauf, An empi 
method using computer-generated seri 


зо, and e of a probability-of-re- 
been collected by the up-and-down 
' general class of the relatively new 
variously deseribed as sequential, 
Tt is especially deserving of study 
ause it is well suited for determinations 
quality (PSE) and because it will gen- 
such applications than the traditional 


tk reported was supported 
-01 from the National Institutes of Health. 
on of a mimeographed report submitter 
al sampling study of the upsand-down 
» Report No. 1, April 4, 1967, 1-36. The 
author gratefully acknowledges the 1 ince of Carl Е, Webber in computer 
programming and the participation of. nk R. Y 
Summary and analysis, Thanks are due also to Wil 
Bohrer for their helpful discussions o 

УУ, J. Dixon and А. M. Mood 
sensitivity data, 
and more detai 


atman in the work of дал 
: nam Batchelder and Rober 
f portions of this paper, Би 
й A method for obtaining and analyzin? 
Amer. statist. Ass, 43, 1948. 109-126. There is also an carlic! 
led document, prepared by these authors but ied anony? 
і ” a report of on under the Applied Mathematics Panel: Statistical 
analysis for a new procedure in s ivity experime “Эй ee Math, Pane 
Report No, IOLIR, (Statistical Rescareh бено Panoa ge Маш. 1 хо 


40), July төв, 1-58. f 

2T. W. Anderson, Р. J. McCarthy, and 4. W Tuker 152. ла? hods 0 
fon Cay testing, NAVORD Report 65-46. Blades Буман шаа о. 
ton University, 1946, 1-134: M. M. Taylor and C D. Creelman PEST: Е 
gent estimates on probability functions, J, acoust. Soe Amer 41, 1967, 7577 
787; С. B. Wetherill, Sequential estimation of quantal teenaa ан ла Т. ТИ 
statist. Soc., 95. 1963, 1-48, Series В. ` шэнэ ye 
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Оп each new trial аг i : 
mme level chosen by fhe dean. 22, 2 мэс 
by bis аг the second trial is run under s vidis 
Xie 2e ep on the stimulus scale, are more fav ia b арг ien 
the opposed response, Y. If avorable to the occur- 

occurs on the first trial pause, Jos If on the other hand, response Y 
Which, by one гй rial, the next trial is run under stimulus conditions 
occurrence af 2 раа stimulus scale, are more favorable to the 
plication of thes ponse X. All succeeding trials follow from the ap- 
Х chânges їз. ваше rules. Given that the probability of response 
along the stim d шалан Чу from 0 to 1.00 аз successive steps are taken 
Concentrate in — these rules assure that trials will tend to 
and the punit eta of Р.о where the probability of response 
nis that relativel y of response Y are equal. The general expecta- 
evels, because а у few trials will be conducted at extreme stimulus 
Tesponse whic] renever the trial series moves to such a level, the 
Extreme ма 15 there highly probable drives the series back to less 
terminated Ч When a series of up-and-down observations has been 
Stimulus эн 16 теврорнов of each kind are tallied for each of the 
9 arrive at eal \ arious computational procedures may Be followed 
and Mood TE of Р запа the subject's variability. The Dixon 
© situation ч ure is that of maximum likelihood. They considered 
accepted дв; = rere the probability-of-response function may be 
a testing Ng cumulative normal and where the stimulus levels used 
"or this ih e equally spaced on the scale for which normality applies. 
Situation they developed estimators for д, here identical with 

t to use by far are their approximate 
here designated m and spa. The 
designated 7 and Spar 


Р 


tio 


+89) f 
ive i. лан convenien 
Aximum цэг estimators, 
quire iter: тарлан нг хээд themselves, 
While ihe ive evaluation. 
Cal anions ee method has seen some use їп psychologi- 
ch,* it has not been used extensively. This probably is due 


зк 
(Tn “Рраш, Tj 
Мое and Report on Context Effects in Psychophysi 
Sharon} May, Ti Part I, The Up-and-Down Method 
by tho Боеру 963. University of Illinois. 90; Wetherill, 07 
4 39 Staire; iser, and J. P. Thomas. An analysis 0 
р 18 for с JovnNaL, 79, 1966. 6 
Г ents, A i 
E, gos unpublished doctoral dissertation, Uni 
inal Report. 1963; W. 
-quinine mis 5 
50, 1963, 138 


›. cil., 21-24, 
data gathered 


ets in differential loudness 
x of Illinois, 1962. 1-117; 
auf, R. G. Burright, 
lonie for the rat, 
C. H. Madsen, 
harin gus- 


; P. T. Young and 
and sucrose-sacc 
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to the fact that the method is not well known, but it may also be = 
in part to the fact that Dixon and Mood specifically caution t e 
reader that their estimators strictly apply only when the number i 
observations in the up-and-down series is large, and that геад 
proximate estimators should be used only if the step, d, ins 
adjacent stimulus levels is no larger than 2c. These restrictions leav | 
unclear what one may expect if the approximate estimators are л 
fact used when series length is in the short and moderately-shor 
range desired for most research. And they also leave unclear what 
measurement errors may be in store for an experimenter who wants 
to use large stimulus steps, either in pilot work or in testing, Heus, 
he wishes to assure that the subject will have a reasonable number ^f 
judgments of low difficulty. The stated restrictions on the use 0 

the approximate maximum-likelihood estimators arose because ыг 
original development was for asymptotic conditions, because т an! 

Spar Were expected to be good approximations to fii and Spa only when 
d is less than 2c, and because the standard errors of m and sj, were 
expected to resemble those of £i and Sp only when d is less than 20: 
Dixon and Mood's specific comments were as follows: 

The method of statistical analvsis of the data has been simplified consid- 
erably by the use of approximations which become poor for small samples 
This puts a lower limit on the sample size if the present method of analysis 
is to be used. These considerations point to the need for using rather large 
samples. Samples of size 100 would do wery well for most purposes. If ша 
sample size is less than 50, [this] method of analysis . . , should not be used: 

A second condition on the experiment is that the sample size must be large 
if the analysis to be described is to be applicable. As it turns out, the effec" 
tive sample size is only about half the actual sample size. The statistical analysi? 
is based on large sample theory so that if one uses the analysis on a sample 
of size forty, he will in effect be using large sample theory on a sample 0 
Size twenty. Measures of reliability may well be very misleading if the sample 
size is less than forty or fifty.o 


The standard errors derived 
estimates and will not be appli 


It appears to be a formidable task to get the variances of ће... [approx 
mate maximum-likelihood] estimates, but for practical purposes the variance 
of the maximum likelihood estimates will Serve when d is not much large? 
than [spar].8 


o. 101.1R, 1944, 10. 
9 Dixon and Mood, ор. cit, J. ist. Ass., 43, iip i 


9. 101.1 R, 1944, 48, 
Panel Report No. 101.1R, 1944, 43. 
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The more complex analysis is required when the levels are not equally 
a e when the distance between levels execeds twice the standard devia- 
Investigation of the properties of m and spy beyond the original 
Work of Dixon and Mood has thus far been limited.!? The papers 
by Brownlee, Hodges, and Rosenblatt and by Wetherill report some 
results on the problem of working with series shorter than 50 trials, 
бщ; these data are limited in scope. It was thus in the context of ob- 
taining systematic data over a wider range of measurement con- 
itions that the present work was undertaken. In this study, empiri- 
cal sampling distributions of m and вру were obtained by running 
extensive simulation trials on a computer. Three measurement con- 
ditions were varied in these trials: the step size, d; the number of 
trials per test; the phase relation of the set of test levels to p. The 
ata permit answers to the following questions which are important 
°F considered applications of the up-and-down method in psycho- 
gical research: How accurate and how reliable are m and Spar 5 
estimates of “and ø if the number of observations is reduced ig эн 
elow the working minimum of 40 or 50 trials suggested by Dixon 
884 Mood? How do the estimates behave if d is extended beyond the 
recommended maximum size of 20? How satisfactorily can the vari- 


Ability or m and spy be estimated using the reliability formulae 


r 
ecommended by Dixon and Mood? 


Dizon анд Mood's estimators for p and о. When ы pe qn 
t corded in up-and-down series are tallied by stimulus level, 


reomes apparent that the tally of the X responses and the tally of 


. : 1 ical. 
© Y responses are т : 1 indeed will at times be identica 
They i bonses are redundant anc ; series happens to 


liffer on » extent that an up-and-dowt 

have Started шэг зо that which was reached | 
ene terminated. Because the experimenter’s choice of ш a 
мама near р, or well above or below it) will аерам ted the 
i number of X and Y responses, Dixon and Mood а А. 
Si cedure of estimating p and с from the data for the riui 5 
j onse, Their approximate maximum-likelihood on тийн 
їе ёл by the following formulae, wherein it is assumed tha x Benes 

90е which leads to an upward step in the up-and-dow 


Ty 

ixon ; i 43, 1948, 113. 

10 and Mood, ор. cit., J. Amer. statist. Ass., 49, 

mor: A. Brownlcà от T Hodges, and, M. Rosenblatt, ihe Шр эрээ, 
ie. at “H à os samples, 1. Amer. statist The rd 58 normality on 
Stai...» lina 3: D. F. Votaw, e ince- 
ton Pease” methodo Же. Aa (Statistical Research Group, Prince 


niversity), May, 1948, 1-39; Wetherill, loc. cit. 


44 KAPPAUF 


and X is the response which leads to a downward step. Х 9 
stands for the number of trials associated with the loss frequer 
response. L stands for stimulus level, measured in stimulus units. 


m |a ,-x.,5 = (mean test level at which Y responses occurred) + -5d 
= 2494 у gg 


N min 


ch Y рей) —..50 
m |су) = (mean test level at which X responses occurred) = -5 


2 Xd). 5 
EE "ob 
Sou = 1.020 dv + .029), [1] 


: 5 Ы 42 t 
where v is the variance in steps? (пес 
in stimulus units?) of the tes 
levels at which the less frequent re 


sponse occurred, e.g. if Nx = Nma 

2 а 2 

y = Уан 04.2 — (S0. 
d Ns 


Dixon and Mood suggested that suitable approximations for the 
Standard errors of m and Spar Should be obtained by using the formu- 


lae for the standard errors of the maximum-likelihood estimates 
themselves, fii and Spm: 


905 = oG/~V/N ain and Cung; ЭЧ cH/ s/N min š (2) 


Here G and II are ‘look up’ factors which express the dependence of 
the standard errors of the maximum-likelihood estimates, under 
asymptotic conditions, upon step size (d) and upon the phasing 
(g) of the series of test levels with р. Values of G and H for par- 
ticular d and ¢ are read from published graphs. 

If d/o is not too large, m 


and ом approximate # and Spar and 
hence one may assume that: 


бу, oG//N,,, and 9. = H/N.. (31 
In practice, of course, с is not known and the estimation formula 


become: 
BE. = onG/VNoin and SE... = spy H/N. A 


Мєтнор 
The analyses which follow concern: 


the three measurement p% 
rameters N,;,, step size (d), and phas 


€ ($); the statistics т an 


AN EMPIRICAL SAMPLING STUDY 45 


Spx, and thei 
м, ё heir iri 
standard сии average values ñ and &м; ће empirical 
bi a" N кө : 
factors G and II m and spy, represented as SD, and SD.» ,; the 
G' and II^. Step er Pe empirieal counterparts here designated 
condition is ei size is defined by the relation: d = pl 
ise ! 5 elation: d = лл — ав 
8 given numerically as: ф = [(test level n | t г on 
5 х st le earest ш) = и]/Ч. 


Computer deter 
er the norms ration of up-and-down serics. Up-and-dowi сарса 
normal Гэгээн ms сап be simulated by ае гэр Er penam 
c inc units, To 25 ВЭ starting level in normal-deviate form and amy es 
ML D whether onduct a ‘trial,’ enter the table at some random point and 
ДАЙР than Б Манж Teel, Ji е listed there is algebrateally larger or 
д is one which demands cl. If la response’ or outcome of that 
саа trial should be кин" 3 an upward step. which means that the next simu- 
imp or егет nated at the starting level plus one step. If smaller, 
- ne йек. simulated father which demands а downward step, meaning 
ae Соп ame m sioa be conducted at the starting level minus 
à ter the next. devi; w trial in the same manner as the first, 10. observe 
est level, This or eviate listed in the table is larger or smaller than the new 
Series was 3 procedure of consulting printed tables to generate up-and-down 
Votaw and by Guth and 
ation imposed limits 


the random dev 
cer, the 


рг» ТЫ] мг empirical sampling studies by 
on the umount ae ше. however, s'owness of the oper 
16 present T Pair ee reasonably be collected. 
et рше y, like Woetherill's, takes advantage of the fact that a mod- 
Breat, and analyze up-and-down series 
7004 computer in the 
It was programmed to 
urrent test level, 
lesignated Nmin 


ern 
Бэ possible to generate 
of Illinois С, сотуулцаг used was an IBM 
à random eh шир Science Laboratory. 
serie оў or € deviate, compare it with the 0 
reached, and F^ п appropriately, continue until а с 
and stored ДЬ еп to summarize the series. It calculated m for the 
), and npicd ш four digits as Ie XX), calculated v (stored as 
as X), Gener: "s number of stimulus levels which had been used 
level reacho " ion of the next series began immediately, starting at 
d at the end of the previous series. The program required 

phase, step 


Series b 
ею 4 aga, 
completed under any given set of conditions of 
ters Was changed 


niversity 
Benerate : 
jer the 
had been 
Series ( 
XXX) 


(stored 


a all 176 experimental con- 


a » 48 define а ж 

0) a =. Mant the following levels 

50, 3.00, 4.00. N min = (10, 20, 40, 80); d 
, 4.00, 6.00) ; @ = (— 23, 00, +25, +50). 


Dat 
а out 
put. 8 
а Summary statistics for each up-and- 


trog PE and tr: down series W 
to ted in abies to punched cards. Subsequently the cards were rein- 
Th ain the ач ы and the data for each block of 200 series were compiled 
bug, ean and нан sampling distributions of m and spy for that condition. 
or de Were “аш ard deviation of each of these empirical sampling distri- 
ch of the -- эре and tabulated, thus providing M, 5р, Spats and 80 мэ 
conditions under study. 


1 
12 Votaw, à 


200, 2 


геге recorded 


3 Op. ci А ч 
Шер ies 13-15; sce Kappauf, op. сїї» Final Report, 1968, 28. 
» loc. cit. р 
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RESULTS 


Some Anticipated Relationships 


Some results for m, вру, and their distributions can be inferred at 


the outset. It is useful to review these in advance of the empirical 
data. 


Discrete distributions of m and spy. Because trials in an up-and- 
down series occur at specific levels which are d apart, the distribu- 
tions of m, v, and вру are discrete. For any given set of measure- 
ment conditions, successive possible values of m differ by d/N miw 
Successive possible values of Snar, given m, differ by 3.24d/N min. For 
d small and Nmin large, spy and m may each take оп many values: 
For d large and N min small, they can take on but few values. 


Limiting relations when d is inappropriately large. (1) Ifẹ = .00 
and d is very large, half of the trials will be conducted at u and the 
remainder will be binomially distributed at the levels just above and 
just below u. m must be unbiased, while spa must grow linearly with 
d, аз must both SD,, and 8р, ом: (2) If @ = .50 and d is very large 
successive trials will always straddle и. v will always be zero regard- 
less of N min and so the value of spar will be a function of the constant 
term in the equation for Spar: it will, in fact, be equal to .047d. The 
value of m will always be identically equal to и. Clearly SD,, and 
SD, , ,, will both be zero. Thus these 
the present empirical runs as d grows larger. (3) If 6  .00 or. 50 
and d is very large, successive trials will again straddle и, but in this 


both SD,, and SD, , , will approach zero. 
Bias in m. For àny combination of d and Ф it is possible to find 
the asymptotic or stationary distribution of trials under the norma 


d « 2c but grows for d > 2c. Thus for $ = +.25 and o = 1, (m 7 


p) is —.00001 for d — 20, —.105 for d = os a | d = 4о and 
—1.10 for d = бе. : 7, —.371 for d = 40 


Empirical Properties оў Spy? 


Bias. Values of Spa are shown in F 


ig. 1 for $ = .00, .50, and -25 
In the latter case, values of spar for Ф : 


= +.25 and —.25 have bee? 


15 A complete tabulation of the data on which thi 1 ears 
in the mimeographed report cited in footnote 1 aber eee NEE 
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averaged. Connected open cireles represent data for Ni, = 80. 
Connected solid circles are for Nna = 10. Inasmuch as с was 1.00 
throughout, it is seen that: (1) When d < 20, spy typically under- 
P б: This bias is present for all phase conditions. It is small 
min 15 SO, increases as ХУ... becomes smaller, and can be of the 
pa of 20% when Мы, = 10. (2) Over the range where d < 1.750, 
ом Brows with d. The constant term 0.029 in the formula for Spx 
кы :0474 to the value of spar, and as Fig. 1 shows, for small 
ü Spar grows with d in 2 manner which roughly parallels this contribu- 
s шэг results and those in (1) immediately above are consistent 
etherill's finding of negative bias in the estimation of т 
Ог cases with Na = 17, 6 = 0, and = -5, 1.0, 2.0." This bias de- 
tine With increases in d. (3) When d > 20, Spar is positively 2 
Зөн ra 00, negatively biased when ф = .50, and “эсэн! юэ 
of s When ф = .25. Dixon and Mood were aware of this aes 
the com : and they even suggested а d os м “үт small 
only ызын phase when v is small." The expected ye I 
adjust en d is large, so this proposed vo E cain 
зы for having taken d too large. Clearly, howe сан її 
Very 1 98 routine is unrealistic when Nmin 18 small ea d еу 
not ei because under these conditions phase informa a, — 
ciently dependable to serve as the basis for a good adjustment. 


Ti А : 
he Standard error of Spy. Because the standard error of Spar de 


же 8, as all standard errors do, upon А/ Х, it is more qui гэн 
0 to examine the behavior of А/ ХУ нх (80), Hau a к 
‘ow itself. Thi ; N (SD, pu), corresponds 50 
ang se is quantity, VN «i (SDi p x)? — 
4 Моод s H. If, from Equation 3, буух = cH/A/N,,;,, then Tor 


е pr 1 : 
w ÁN case where с = 1.00, it is reasonable to define H’ by 


Nai 
Fi min(SD, py). . 
!& 2 presents the obtained values of H' as a function of d, $, 


" 'er- 
акы e Data for $ = +25 and ф = — 25 have again been к 
for jy “Оо е4 functions were fitted by eye to represent the 

: be compared with those 


Which Туш, 10 and 80. These functions may 5 
1Хоп and Mood obtained for Н, given Nui 
Hs. Mes in Fig. 2), From Fig. 2, it may be seen 
ri 5 . 2). From Fig. 2, is d 
be 15 With d in a manner which depends critically on юа 
that town for H. (2) H’ depends on Nmin, the general rute art = 
Secon 18 smaller when А, is small. This is in whole or 1n р? 


min А 
ary effeet, however, for it is associated with the fact that зри 


large (see the 


азер І that: (D) H’ 


14 
Wether: 
up. herill, op. о 
lxon and M cit., 16. 101.1R, 1944, 16. 


ood, op. cit., Panel Report No. 
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STEP size; 


d/o 


Fro. 1. VaLuEs or Spar AS А FUNCTION OF d, ф, AND Nmin 


Ён, 


VALUE OF H'OR H 
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5 1 2 3 4 
" STEP SIZE; d/o 
“Чинь op H', те. Y/N min (SDan м) AND VALUES OF Н as А FUNC 
or d, ф, AND Хаш 
(Dashed lines are И functions from Dixon and Mood.) 
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is typically smaller when N min is small (see Fig. 1). (3) When ih 
1.5c, values of H are larger than but very similar to the compar : 
values of H’ for Уш = 80. Thus, even though the H functions sm 
derived for the maximum-likelihood estimates of ø and not for € 
they provide a reasonably sound basis for estimating the stanc ны 
error of spy; when Nmin is large and d is small, as Dixon and bee 
had forecast. (4) When d > 1.50, there is conspicuous dissimilarity 
between the functions for H derived by Dixon and Mood and the 
functions for H’ found here. Two factors appear to be involved к 
this difference. First, the Dixon and Mood values apply to the actua 
maximum-likelihood estimates, while the present data apply to the 
approximation estimates. Second, the derivation of II, and of G те 
presumed a negligible correlation between m and Spy, a condition 
which does prevail for d < 25. Evidence from the empirical data ш 
m and spy, however, would indicate that the correlation becomes 
significantly large as d grows larger than 2.50. 


Empirical Properties of т. 


Bias. Empirical values of т a 
was .00 in all cases, 
closely with the expe 
practical purposes, 


re shown in Table I. Inasmuch as # 
m itself tells the bias story. These data agre? 
cted bias values cited above for ф = .25. For al 
m is unbiased regardless of phase when d < 20 


The standard error of m. It is appropriate here to employ the same 
Strategy as that used above to consider the standard error of sp 
e. to eliminate the effect of Nain on the standard error of m bY 
defining G^ as У М. (8,2). It is interesting to note that thé 


standard error of 07 is independent of Nain and for the present 
empirical data is approximately .05G’: 


SE;,. = VN nin (SE sp,,) 


RN. (5525) 
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plotted in Fig. 3. The data for the four Ф conditions are plotted 
arately. a 

аст И shows the dependence of the standard pede 
upon d and ¢ after the effect of Nnm has been removed. D эн зэв 
functions were fitted by суе to the empirical data. 1 һе йе fate 
represent the Dixon and Mood G functions. It will be цөн c 
(1) For d < 20, the values of G and С” agree very well, n bs 
independent of ф, as Dixon and Mood advised it shoud be. бн 2 

d > 20, G' varies markedly with $. When ф = .59, G ye 4 
becomes so large that successive trials typically straddle p. т is 
= .00, the G’ function coincides with the line G^ = За when а 


ne qd spends 
large, because for this phase condition the variability of m dep 


VALUE OF G'OR G 


5 т 2 3 ^ m 6 
STEP SIZE; d/o 
Fic. 3. VALUES or G’, i.e. VN mia (SD, 


м OF 
m), AND VALUES OF G AS A FUNCTIO? 
AND $ 


(See text for averaging across levels of №. 
Dashed lines аге С functions from Dixon and Mood.) 
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"pa e us чүс error of P (where P = Q = 50). (3) For 

ний (Р Бин i E ere l> disagreement between the functions for G 

анд H^ and. u | шетен phase conditions, Just as there was for Н 

and 2o, the е Air ii for the same reasons. (4) For d between bo 

3 кои : ependenee of G^ on d is very closely approximated by 
ght line. 


Discussion 
at when series length 


It is clear 
is clear from the data here presented th 
a useful estimate of 


15 Ч . 
: mos ^ ms small, Spy сай never provide ei j о 
function i. Е понад in estimating о for a probahHity-di-respase 
there are niue: so great as the interest in estimating н Or e 
estimate A gag ees two critical and important uses fat 8 н 
Step. The sta vind 15 in the selection of an appropriate ie m 
say that ш. ho is in estimating the standard error of m. m a 
of a short te ean never expect to sclect step size wisely on the ыг 
pilot diser Pilat up-and-down series. If the step adopted in w 
as well i vanos happens to be small, Spx will be negatively т 
of spy еы And if the step happens to be large, ше нн 
irection d m seriously biased in either a positive or а ын ын 
Step size th pending upon the prevailing phase condition. o 
ive ways тоне pamura extensive background testing or à terna- 
hog i € d than simply in terms of 8рхь "Ч 
tion of tha ne previous study of the adequacy of G ly Let 
lodges and Ros с | This is the ашау o : ме» 
Бан for uS vosenhlatt, in whieh the variability of m T: E 
Oo and 15 Y emal samples and for d relatively small, ца j А 
Моод Зи Tt was found that when « t8 known the or ne 
F to he со: : й overestimates the variability of m slightly, imp ying 
What mae aaa, large. The amount of overestimation 18 some- 
trend in ps, the smaller d is. This result is in agreement with the 
Teas} and seemingly in- 


standard error of m. 


ын d 3, where G exceeds G^ by а small 
na unt as d becomes smaller. 

om th Ps 
Su 
T 
Fi 


е у experiment concerned with the determination 
Ррове G old ог PSE, considerable interest usually attaches to SE... 
9 G is taken to be a linear function of б/о, for d/c less than 2.0. 


h 
Na : les ^ 
& 3i unction which appears reasonable from the empirical data in 


18: цэ К : . 
dE + .164/о, and from Equation 4 SE, becomes: 
SE, = sou (82 + -16d/sou)/VNate 


"уон, = (.828par + -160)/ VN ara 
ce, Hodges, and Rosenblatt, loc. cit. 
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In this form, the formula makes explicit the relative опий инн 
Spar and d to SE,,. It also makes explicit the fact that bias in spar W ; 
necessarily introduce bias in the estimate of SEn. Thus, for ew 
Where the step size is in the range between 1с and 2с as твар 
by Dixon and Mood and the number of observations is close to : 
&dvised minimum of 50, SE, will be underestimated due to the 
negative bias of Spar. 

Some Clues to Improved Estimates of ш and c. The data here 
presented also suggest that several possibilities exist for the develop- 
ment of easy-to-caleulate estimates of p and ø which would have 
properties more desirable than those of m and spy. (1) It is clear that 
the bias in sp; when У, is small and when d is less than 29 8 
of the sort which might be expected to yield to a multiplier of the 
form N/(N—a). Inasmuch as the multiplier N /(N—1) transforms 8 
sample variance into an unbiased estimate of the population vari- 
ance, a similar multiplier might have a comparably desirable effect 
in the present up-and-down situation. (2) It is noteworthy that the 
bias in spy when d is large develops in opposite directions unde 
what may be termed complementary phase conditions, i.e. for ¢ ^ 
00 and ф = .50, while the bias in m for d large also develops i? 
opposite directions under complementary phase conditions, in thi 
case for $ = +.25 and ф = — 95. These observations suggest that 
relatively unbiased estimates of both ^ and с might be obtained 
if one were to (a) take observations in two concurrent up-and-dow? 
series with d, = d, but with stimulus levels differing so that фу 2 
Фа + .50, (b) estimate p by averaging the values of m from thes? 
two complementary series, and (c) estimate ¢ by using a simila" 
composite of measures from the two series. These leads are being 


examined and a report on the results of that inquiry will follow 
shortly. 


clusions and expectations expr 
sults provide information w 


e hich could not be obtained exceP 
through empirical sampling pr 


Ocedures, 


Outcomes which are directly related to and confirm the Dizon 
and Mood analysis. When stimulus step size, d, is greater than 2 
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both m and spy are subject to serious bias when particular phase 
conditions prevail. Their standard errors are uncertain, for they too 
depend on phase condition. m and spy are not, therefore, useful 
estimates of u and o when d is large; the Dixon and Mood recom- 
mendations are substantiated, When step size is smaller than 20, m 
ie NM ог effectively so for all conditions of phase and Nun. 
e standard error of m increases gradually with d in a manner 
Which is independent of phase. The Dixon and Mood values for G 
s = estimating the standard error of m are very rime 
ne. : Sonservatively large by a small factor. spar and its = аг 
ШЕП}. Sensitive to reductions in N min as Dixon and Mood pre- 
hey might be but could not quantify. 
шын which provide new information. When р ~~ 
аз ена Spar 15 essentially unbiased if а 
8 "es 5 А еи 
Brows smaller fu EY biased i a е, үөү ч 
репа: : s negative bias is inc ependent of | е 
Сз on d. The latter effect is associated primarily with the secon 


Cons i 
tant in the formula for spy, which contributes to spar ап amount 


Which ; : 
hich is a multiple of d. When step size is less than 1.50, the stand- 
in spite of its 


ür " 
d ds Sow can be estimated well from A "ndn 
he predi las, if H which is consistently larger {нап Fear rin 
: ae formula. When the step size 15 Lir i E Pee 
error of be adequate for most purposes to estimate | ле = Үү? 
“stimat m using a value of G which is a simple linear шэн Сэм 
е sta es of the standard error of m will typically underes Эн 
Tge аш error of m because of the negative bias in Spar- 
Step sizes, where Dixon and Mood cautioned against using m 
"5 the standard errors of these estimates are not well de- 


Serj 
ed by the published functions for С and H. 


VISUAL LIGHTN ASSIMILATION AND Ci INTRAST 
AS A FUNCTION OF DIFFERENTIAL STIMULATION 


By JosEPH A. Stecrr, State University of New York at Albany 


Я : as been 
The phenomenon of simultaneous lightness contrast? has be 
the concern of many experimenters 


* [ts reversal, herein referred 0 
as assimilation, has not been of such immediate experimental con 
cern, even though it was demonstrated as early as 1876.2 The same 
disproportion is found in the theoretieal area, for although к, 
contemporary authors have addressed themselves to theoreti¢® 
explanations of contrast,’ few have concerned themselves with theo" 
retical accounts of assimilation? Nevertheless, following his carlic? 
work on assimilation, Helson developed an hypothesis, based on the 
differences of stimulation in neighboring retinal areas, that synthe- 


* Rercived for publication October 19, 1968. The paper is based on а hut 
tion of a doctoral dissertation done at the Psychology Department, Kemp 
State University, Particul ippreciation is extended to Harry Helson for 
personal guidance and erit m throughout the research. 

1 Whenever contrast and assimilation are referred to in this 
be assumed that only simuliancous. lightne 
meant. Any other type of contrest or 

# M. Alpern, Simultancous brightne 
durations, Invest Ophthalmol. 2, 


ss contrast 
milati 
cont 


eccentrici 
Diamond, 


"S8 cont 
, J. exp. Psychol., 45, 1 
The relation of "ponrent briehtness to the thr 
nance, J. exp. Psychol., 61, 1961, 389-399; Н. W, Horeman, Inductive brig? | 
ness de i as influenced by configurational conditions, Vision X сй 
3, 1963, 1 ; D. Jameson and L, M. Hurvich, Complexities of perce! ri 
brightness, Yu 133, 1961, 17 and J. Nachimas, Effect of expo Sao, 
uration on visual contrast sensitivity wit 1 square-wave gratings, J. opt- 
Amer, st ро ан 3 h square-wave gratings, J. OF 
» Von Bezold, The Theory of Color 
ry (S. R. Kochler, trans.), 1876. For 
with assimilation. soe J, Steger, The revers: 
Bull., 70, 1968, 774-781. E 
* A. L. Diamond, A theory of depression and enhancement in the brightnC 
respons *, Psychol. Rev.. 67, 1950. 168-199; G. A. Fry, Mechanisms subset’ {а 
simultaneous brightness contrast, Amer. J. Opl. Arch. of Amer. Acad. OPS 
Whole No. 45, 1948; D. Jameson and L, M. Hurvieh Theory of bright, 
and color contrast in human vision. Vision Res., 4, 1964, 135-154; and TT. 26 


W. Moed, Constancy and contrast: Parts I, IL a Acta Psychol 5 
1964. 272-320; 24. 1965, 91-166; 25, 1966, 222 99." ^4 llla, Acta Psy 


5 See Steger, loc. cit. 


1-314; E. IL Heinemam 
old for differences in ut 


Art- 


and its Relation to Art and jing 


a review of the literature аса nol 
Ч of simultancous contrast, Psy 
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51205 bot] Ч А 
"We ioe ce and assimilation.® According to this hypothesis: 
Ing areas анаа шив relatively equal impulses from neighbor- 
giving rise to шэн = least do not inhibit one another, thereby 
Some common з оа while an intense excitation, arriving at 
Elve rise to sins : Ss or neural pathway inhibits a weaker one to 
luminance hy wti 2 As corollary to this, Helson added the area- 
Le. an жкен hesis, according to which area acts like intensity, 
Mmnance, The f m area has the same effeet as an increase in lu- 
m terms of dios development of this theoretical model is stated 
summate, vieil rential stimulation: low differentials of stimulation 
tion inhibit ras 4 assimilation; and high differentials of stimula- 
Should pe ыа contrast. Helson also pointed out that there 
M ru E differential of stimulation, in which 
üst nor assimilati шин inhibition occurs and, hence, neither con- 
Mentally by eee is found. This deduction was verified experi- 
rentia] morle | son and Joy." Verification of the stimulation-dif- 
Pace width, ias been demonstrated for three variables—line and 
“Mployed ш background reflectanee”—but these studies have 

\ Жр Las 
5 more direct ute or black lines. 

ni, юэ 
Space ackgror 
? widths, 


f stimulation differentials was 


Wese " М . а 
present study, by use of intermediate values of line 
variation of line and 


E reflectanees. coupled with 
З The present study also provided a more direct test 
that small nein hypothesis, specifically of its predictions 
Cifferentials Werentials in stimulation will yield assimilation; large 
ation finr ie contrast; and intermediate differentials, neither assim- 
“mensions vene "Thus, the present study varied all the stimulus 
round reflects, reflectance, line width, line separation, and back- 
ч ий он бг, in an effort to deseribe the response continuum 
"оз els m the stimulus variables and their interactions in 
son's differential-stimulation model. 


m test of the concept 0 


10 are 


© asses 


techni i 1 
the same experimenta 


aid on cards of speci- 


and assimilation, J. орі. Soc. 
Domains of lightness assimila- 
); and Helson 


sychol. Beitr., 6, 1962, 405-415 (Engl. trans); SP 
] of classical lightness- 


8 the ind METHOD 
nde А : 
А que employed pendent variables quantitatively, 
ved 1 rlier s H 
Amer Helson n earlier studies was used? Overl 


V, loc. cit 


М hlos, loc. cit.: Р 
Olson’ 106. cit.” loc. cit.; Helson and Joy, luc. ctt. 
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fied background reflectance were vertical lines of a given width, aedium 
and reflectance. On each side of the card were lines of different. reflec pant 
and thes» halves were judged by the method of paired comparisons ш Бэй 
of в category scale of lightness. Thus one half of the card was the sta н 
and the other the variable; these were reve tsed on alternate pe ae 
the present study, three background reflectances and four line үс s and 
were selected to sample the reflectance continuum. Three values of a iri 
space widths were also selected on the basis of previous findings that m) 
line and space widths (above 15 mm.) yield contrast, small (below M SA OI 
yield assimilation, and intermediate (10 mm.) yield neither assimilation 
contrast. 


Since all of these independent variables act simultancously in айу EE 
stimulus complex, the interactions were also important. The use of two SUE fini 
different experimental techniques aided assessment of the interactions of А, 
and space widths and line and background reflectances. With Таи ar 
one half of each card was overlaid with one line reflectance and the 
with a different line reflectance, but both reflectances were of equal line pi 
space widths. This provided a comparison of the effects of varying line 508 
flectance, while holding all other independent variables equal. Since this ben 
also the method used in earlier studies, it allowed comparison with their 27 
ings. Technique B varied from A in that only one half of the card was Еэ” 
with lines; the other half was a homogencous gray, Comparisons with ыг 
technique were thus not complicated by two different sets of indepen¢ She 
variables, This type of presentation also provided one gray standard throug 
out the session for comparison of the independent-variable combinations. at 

Subjects. Ss were 15 undergraduate and 5 graduate students enrolled 8, 
Kansas State University. None of these Ss had had previous experience pie 
judgments of the type required in the present study. They were 18-24 ye? 


we A 9 se 
old, and all had normal vision or wore corrective lens. Ten Ss were Ч 
with each procedure, 


Stimulus materials and apparatus: 
consisted of 162 cards, 7 x 11 in.; 
65%, 54 a reflectance of 36%, and 54 
from Poster Board No, 51 
On each of the 162 cards w 


" jals 
Technique A. The stimulus materi 
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Cards of this 
axis eee: Teflectance as the surround we s i 
edge of the а тр 105: x 6% in. le edn а = ws 
d Aperture that a е С from the floor. А slide was so aede cde] 
he en removed, it i nulus card could be presented for a period of 2 
ectance, The sd — н replaced by a plain card of si a 
ЖП ке ided a quick means of randomly varying the 
and B еш he некое) the stimuli as well as serving to shield the 
i а evenly оне) - S's responses. The windowless experimental 
min PProsimately m riii be Banke ar Coni White 40-w. fluorescent 
tion at all times, indles), thus assuring uniform achromatic illu- 


—Technig 
that neque B. The stimuli w 
ili were the same as those in A with the exception 


only on 
eyed е half of (6 єє 
plain Surface of ih card was presented, the other half being covered 
c same reflectance as that of the intervening gray 


of th 
3 he lin А 
ed side, T 
‘ech ni. - The bo 5 
hnique Lu oth and experimental room were the same as those 


Techni " 
que A. This was developed from a modification of the 


lod of pai 
paired е = И 
paired comparisons. Only lines of the same width and 


the s 
ваше back 
oekground were compared, rather than every line 


h and backer 
background with every other as in the usual method of 
the 


Compa 4 
rison, T} 
. The ; 
usual equation for the number of comparisons in 


o : 
equat paired cor T Н 

lon mparisons is n(n—1)/2, but in the present study this 

had to include 


Meld only ; 
and spare wid case of line reflectances since we 
Space widths, sine эн: Also included were the reverse combinations of 
‹ imension the line ors : pole line and space combination is not equiva- 
For example ЗУ? Ше чийе dimension and the space the line 
me Stimulus “А vs width of 3 mm. and space width of 9 mm. 
and 370 | mm. But in " m bination as a line width of 9 mm. and a space 
Of райы 15 Cquivalent he case of line reflectances a combination of 8396 
to a combination of 37% and 83%. The total number 


S was t] 
3 therefore 
equal to 3 backgrounds X 6 line-reflectance combina- 
h the previous studies 


id in reducing re- 
ace—for each 
d in random 
id order ef- 
The back- 


ап 
Space widt 


the ва, 


Used line wi 

ропа ne methed АГ < 3 space widths, or 162. Althoug| 
Ql ability 12 А з in presenting the stimuli to а 

peter Б 5 condition 1 stimuli—line reflectances, widths, and sp 
ects a 804 on a tabl in the present experiment were presente 

ШТ Meet the e of random numbers. This was done to avo 
The Order was assumptions required in the statistical analysis. 


: also r: : 
Цаг 5 Was seat 80 randomized for each 8. 
d that was 


ed at a viewi 
E ww : ' 
viewing distance of 3 m. and given а саг 
on which were 


lighter; Much 
darker; and 


Witten "Mme тең 
lighten. 1686 missis аз the stimuli to be viewed and 
егу, Ys 1ЕМөг: p ies: Very, very much lighter; Very much 
much rete: Darker; Much darker; Very much 
г. These instructions were then given: 


are © рц 
10 Реге Розе Я 
dig, eiv of thi: Р 
Meng р ауса : will, оет is to study the way in which certain grays 
Drelin card not u Mes a seres of cards like the one I baye now: 
пагу obsoreatin the present study which yielded 100% аргее- 
ervations.] Tell me, how does the right side look 
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: just 

compared to the side on your left using the categories on the card I jus 
ave you? 
, [After S responded, E continued:] This is c etly what you are to, do as] 
show you the cards in the window in front of vou. If I ask you to judg ihe 
your right you report how the gray on your right appears with respect to 
gray on your left. А | À 1d уой 

Feel free to use all or any of the categories or to ask questions should 3 
have any during the course of the « xperiment, 


The first S asked what he was to compare when 
(16 mm.) and small space widths (3 mm.) appeared, This w: 
a possible source of confusion by telling this S and all other 
were to be compared. This was done during the instruction period in the : 
of the other Ss by providing such a card and noting the areas to be compare E 
thus avoiding difficulty as to what was line and what was backe zd 
it took approximately an hour to repeat the 54 comparisons four times oe 
each background, Technique A was divided into three one hot 
each, approximately a day apart, ly 

—Technique B. This was a modification of that used in A, Since in B 00^ 
half the card was overlaid with vertie: й 
and space widths within each of the four line reflectances yielded 36 BE 
halves for each of the three backgrounds, making a total of 108 comparison” 
(3 line widths х 3 space widths x 4 line reflectances x3 backgrounds): 
were given the same category seale as that used with Technique A. 


The modified procedure. of Technique B is best understood from th 
structions given S: 


line widths 


cards of large 


climinated 
Ss which : 


ease 


ound. 


sessions of 


А М : CN Jine 
al lines, the nine combinations of 


e m 


s 
The purpose of this experiment is to study the way in which certain ат. 
are perceived, I will show a series of cards like the one present in the open 
directly in front of vou. it 
I would like you to tell me how the gray with the lines or stripes ОП 
appears in relation to the plain gray on the other side, 
It is obvious I don't war 
between the lines appears 
judge how the line gray 
gories provided. 
О you have any questions? 


: ‚атаў 
nt vou to tell how the lines look but how the E nd 
- Consider the plain gray side as the referenet atc 
appears in relation to the plain gray using the © 


wit 
ape 
сеп 


Since the plain side in Technique B serv 
counterbalaneed by having each 8 judge cach card twice on his left 


twice on his right with the left or right starting order split evenly betw! 
the 10 Ss and assigned by chance. 


ed as the standard, its position 


n split « ме ө” 
The only other modification was in Nm 
sentation order of the stimuli. Rather than random presentation as in А 


cards were shown in an ascending and descending order by line width 
space width from largest or smallest lines and spices, ; 
Treatment of the data13 The same experimental design, viz. А modi 
split-plot, was employed with both techniques, The backgrounds served е 
plots split into line-reflectance combinations in which selected line and m 
widths were present. This design allowed a statistical analysis of the mh 


effects and, more importantly, of the interactions of all factors. For P^. 


a 
i s ne 
techniques, Ss’ category-scale responses were transformed into nume (9 
values in the following 


" re О 
manner: a response of ‘Equal’ was given a score 


авд 


fied 


13 The statistical guidance of Н. Fe ed. 


+ лоас! 
‘yerherm is gratefully acknowledg 
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tigi contrast were given scores below 5 (4 = Darker or 
=v >39 = Much darker or lighter, 2 = Very much darker ог lighter, 1 
n be d much darker or lighter, and 0 = the most extreme category if 
аббуо 5 ш Use и), and responses indicating assimilation were given scores 
Ments of E Darker or Lighter, 7 = Much darker or lighter, ua 
Averages йө stimulus conditions were averaged for each ! e = 
on tick Ta then summed and averaged for the group. The meni {ш сар 
servations mulus wis then available. Each mean therefore represents 4 gb- 
3 lons with lechnique A and 40 with Technique B. Another mean for each 


ine тее. сен ет mean for each 
and flectance within cach background was computed combining line widths 
le of the data found with 


Separations : 5 5 
barations, An analysis of variance was mac 


еерее 
"ques A and B to emat Пё Со ss 


Т, RESULTS 
Sedes A. The results of Technique A clearly verify tie _ 
deine ait hypothesis as well as the notion that responses 
ie 1 “ee are complementary. m 
Were gl ie d Table I show that three different response : 
tained, one for each of the three background reflectances. 


ї ASSIMILATION 


JUDGMENTS 
en 


CONTRAST 


83- 
y 83-20 83-4 31-20 314 214 
Pra, | LINE- REFLECTANCE COMBINATIONS (%) 
om Me, G S WIDTHS: 
(The УХ.Тсвемхтв Coxrounprna ALL LINE AND Space 
Daran TECHNIQUE A | : 
Е intervening gray, Фе. 


чо 
" Гог cach curve is the reflectance of the 
65%, 36%, and 9%.) 
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TABLE I 
Mean JUDGMENTS: TECHNIQUE A 
Back- Line Х Space Line-reflectance combination (%) 
ground width 5 
(%) (mm.) 83-37 83-20 83-4 : 37-4 20 
65 16 х 3 517 4.87 4.52 4.20 3.82 
16 X9 5.23 5.67 4.57 4.67 4.10 
16 Х 16 5.25 5.37 4.50 4.73 
9x3 4.95 4.50 435 8.02 44 
9x9 5.80 5.52 5.77 5. 5 
9 X 16 5.62 535 540 5207 4 
3x3 111 720 бот 5.57 8.9 
3x9 6.57 6.87 6.90 5 5. 200 
3 X 16 5.75 5.74 0.00 5 5.49 — 919 
36 16 x 3 3.32 3:95 3.35 5 400 4.7) 
16 Х9 3.94 4.34 445 5 4.91 4-1 
16 X 16 4.77 5.20 595 5.72 5.77 5.1 
9x3 3.79 4. 5.00 5 5.70 4.19 
959 3.75 4:92 545 5.75 549 5-90 
9 x 16 4.29 5: 5.77. 5.72 5.62 (9-2) 
3x3 5.27 6. 6.37 6.30 0.38 2-5) 
3x9 4.84 6. 6.00 6.17 6.40 5-5 
3 х 16 5.17 6; 5.92 602 5.84 5-2 
9 16 X 3 108 3.87 3.70 434 3.80 47 
16 x 9 115 3.59 3.75 4.05 4.65 5l 
16 X 16 4.12 422 404 512 497 4-0 
9x3 3.94 3.82 3.87 (4.70 5.27 55 
9x9 4.04 412 5.24 5.37 6.86 60 
9 X 16 4.49 4. 6.22 547 007 04 
3x3 422 442 5.97 5.55 (645 (641 
3x9 4.27 4.27 5.77 5.80 6.45 ET 
3 X 16 4.49 4.35 5.22 5.52 6.40 0.9" 
Note: 


N = 10. Values below 5 indicate contrast; those above 5 indicate assimilation. 


These three response functions were a product of the reflectant? 
differentials between the intervening gray and the overlaid Jin? 
reflectances. With large differences between the reflectances of the 
lines and the ground, contrast resulted. When these reflectare? 
differentials were smaller, assimilation appeared. Between thes? 
large and small reflectance differentials was an intermediate diffe” 
ential which produced responses of ‘Equal.’ In this case, different?” 
in contiguous reflectances produced neither contrast nor assimila” 
tion. The three curves in Fig. 1 present the responses аза functio” 
of the line-reflectance combinations while confounding the line. 
and space-width combinations. Fig. 1 shows that the 65% grou 

reflectance yielded assimilation with line combinations of 88907 
8770, 8376-2076, and 83%-4% reflectance. This is in accord with 
the differential-stimulation hypothesis in that each of these comb? 
nations contains the light (83%) line reflectance which is simila” - 
reflectance to the ground (65%). Responses near ‘Equal’ were B 


утат” 
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Ported w 767. Of)Cf. 
when Ч 1 с с = 
379, 16 intermedi: і ne 
late line 4 
flectance (37% 20% апа 


%) combinati 
m: the Rine thee the 28 нк And following in expected order 
S Neri. > "^ dark Ime 1 : onc. » 
inter Ду light gray a Аааа when 
to those рег Эдүгэ produced ‘responses mmm Бохь 
Ше combinations esi tke light 06552) background. Thus, the light 
ground yielded T (83 5-37 *- and 8306-2008) on this dark (996) 
ine баина с, of contrast. The 830-49 and 379-909. 
el ue M 01 both assimilation and contrast, 
B t of 379... M ШЫ eim reque reported. The line combi- 
qi Бин, бейит. = 26 reflectance produced responses 
bua inl Riso шинэ i a tee with wide lines, reports 
200600 responses betw, ie intermediate (36%) intervening gray 
o) intervening ve E cen those of the light (659) and the dark 
5 grays. Responses of contrast were reported when 


this 
(S307 45 STAY was overlai 
76-379 vas overlaid with the lightest line combination 


0v . (95). que 

t Aid with mig of or near ‘Equal’ occurred when it was 

“Мин ance combina- 
/ 4%, 387%- 

6% ground, 


Seg üssimi 
of assimila 


| ў 
he d tion were reported. 


ata in T; 

mm, Я ine ar 1 Suggest certain gener 

Pee, js Ponses ame widths increased from 3 X 3 mm. 

eflect On is that yy} to change from assimilation to со 
when line and ground reflectances were 


of Nee, or хү 
Tr ation sigh reflectance differentials existed, responses 
Studies де кы, mentioned even with large line and space 
Mallon ye relati generalization becomes apparent when one 
the ы the Зани line reflectance to ground reflectance. The 
trast es responses ial of line reflectance to background reflectance, 
Ses of assimilation, or the less responses of con- 
é 8 arger the reflectance differential between line 
“als je °F assimilati more responses of contrast, ОГ the less re- 
ation, occurred; and with intermediate differen- 


t 
Equip reflectance b 
etween line and ground, the more responses of 
te digg. Prese У occurred. 
ts eU t = ae the statistical analysis of the findings with 
Ib is ed Өвийн that the different line-reflectance combina- 
ion t а арраг ans (р = 001) differences in response. How- 
9 Бас kero ent that line reflectance must be considered in 
und reflectance and line width, since the Back- 


alizations. The first is 
to 16 x 16 
ntrast. The 
similar in 
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TABLE II 
ANALYSIS OF VARIANCE OF JUDGMENTS: TECHNIQUE A 
Source df SS MS Е 


Individuals (О) 

Backgrounds (В) 

OxB 

Line-reflectance combinations (R) 
Gk mole OU 


836 7 8357-2057, and 
К 1 51.3067 
83€ 1 28.6120 
8 1 73 
376 1 
376 1 
Line widths (L) 2 
Space widths (5) 2 
BxR 10 
BXL 4 
BxS 4 
RXL 10 
RXS 10 
LXS 4 
BXRXL 20 
ЗХЕХЗ 20 
BXLXS 8 
RXLXxS 
BXRXLXS 
Error 
Total 
*p < .05 
тєрє 01 


ground x Line Reflectance (p < .001), Line Reflectance X Lin? 
Width (p < 001), and Background x Line Reflectance Х Lin? 
Width (p < .05) interactions all proved to be statistically 9% 
nificant. One must also add to these stimulus interactions, the sig 
nificant contributions of line width (p < .001), space width 
(p < .001) and their significant interaction (Line Width X spac? 
Width, p < 001), as well as the interactions of these stimulus 0“ 
mensions with background reflectance (Background x Line widt : 
P < .001, and Background x Space Width, p < (05). The pn 
terpretation of these interactions in the statistical analysis should = 
viewed with caution, however, since the use of the nine-point patine 
scale may have erroneously produced nonadditivity in our statistic’ 
treatment. One cannot assume theoretically that the effects are Ён 
additive. We are now doing research on the use of a matching pr 
cedure in combination with the haploscopie viewing technique e 
Diamond, footnote 2) to overcome the limitations of the rat”? 
scale. 22) 
It should be noted that with Technique A one must consider ш 
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reflectance relationships operating simultaneously: the relation of 
e line reflectance to the ground reflectance and the relation of the 
two different line reflectances within any given line-reflectance com- 
sation. It is evident from the results shown in Fig. 1 that a com- 
mation of two lines cach similar in reflectance to the ground reflect- 
nace produced a greater degree of assimilation than a combination 
one line of similar reflectance and one line of dissimilar re- 
„але to the ground. The converse also held for responses of dm, 
ast in that а combination of two lines, each of dissimilar reflec 


a : inati f 
0 ын to the ground, produced more contrast than а combination о 
ne line of 


QUT уне the 
gro dissimilar reflectance and one of similar шара Жэ. 
Und. For example, the 83%-37% line-reflectance combina 
Verlaiq › / 


Beater m 


on the 65% ground produced responses of cese л 
т Agnitude than did the 8396-466 line-reflectance combina 
. “10 same ground. i 
n ng raises a question of methodological ac E 
: her only one of these line reflectances in the com 5 шив 
Wa, у accounted for the results. Or, more specifically, mint response 
"t artifact which might have confounded the ac Тиш card 
м 5 ° responses to each of the lined sides of e d framework 
averaged, Teaser depends upon the concep ча situation as 
5 nich one considers the question. If one views the Ы Эн card) 
hes two separate stimuli (the two sides of the aie lined 
Nee two different responses (one response to each о 


Sides : ely. 

One Ч on the Tesponses would have to be mi eres 
; LR E : h 

tard a У have assimilation reported for one side 0 only) 


Өрү соора. А ide, as did occur for ( 
fth ast reported for the other барда id and contrast 


ч Stimulus cards. However, since а : 8 
Таваг en found to be but diii sons of a total bipolar nm 
lus to к one must consider the total viewing situation as the $ this 
tanp, hich S was responding. If one views the йшй мээн 
d be the average of the responses to the ombina- 
;. .5 Card that should be assigned to the given : timulus 
pj, mulus factors. Thus one side is not a separate 8 other 
даган, Ploducing responses of one kind and the other rng 

tal ls Мини Producing responses of a different kin 


d, but the 
hi n 
Que A Stimulus complex producing one response. Thus 


too, Tech- 
Wh 


е ults 
meen the Not therefore alter in any significant manner te 
videne ate Considered ав but one bipolar мн relation- 
of the ""DDort, this contention is found by a. hnique B 

dings with Technique A to those with Tec : 
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which was designed to overcome the methodological difficulty en 
countered with the use of two sides of different line reflectances for 
each stimulus card. 


Technique B. The results with Technique B (in which the ruled 
background was compared with a homogencous background of the 
same reflectance) substantiate the findings with Technique A 8n 
add more evidence for the validity of the stimulation-differenti?' 
and area-luminance hypotheses. Table ITI shows the mean response? 
as a function of all stimuli with Technique B. From these results 88 
well as from those plotted in Fig. 2 (which confounds line and 8р2 
widths), it is apparent that the same bipolar response function was 
found with Technique B as with A. Responses of assimilation 9? 
contrast with both techniques were a function of the reflectanc? 
differentials (neglecting, for the moment, line and space factors!” 
Fig. 2 shows that large differences between the line and groun 
produced responses of assimilation. The intermediate reflectance dif- 


TABLE III 
Mean Јорсмемтз: Tecuniqur B 


Line reflectance (%) 
Background Line X Space width r 


(%) (mm.) 83 37 20 ч 
65 16 х 3 5.00 460 475 (95 
16 x9 4.80 485 4.35 400 
16 X 16 4.05 4.85 4.30 435 
9x3 5.25 480 4.75 410 
9x9 5.50 405 4.80 3:90 
9 X 16 510 4.70 455 (530 
3x3 5.45 5.35 5.25 (130 
3x9 5.35 520 4.90 440 
3 X 16 4.80 4.80 4.55 160 
36 16 X3 4.600 5.00 5.05 4°35 
16 x9 4.10 4.65 4.60 440 
16 X 16 4.35 5.25 4.75 460 
9x3 4.45 590 5.50 4°75 
9x9 4.40 4.85 5.30 505 
9 X 16 4.45 495 5.65 7°30 
3x3 5.50 495 5.75 540 
3x9 4.95 4.95 5.70 525 
3 x 16 4.75 5.00 5.60 510 
9 16 ХЗ 3.00 4.85 4.05 5905 
16 x 9 3.00 4.15 4.70 5.85 
16 x 16 3.10 4.15 4.10 %30 
9x3 4.10 5.25 5.50 585 
9x9 8.45 4.45 4.60 535 
9 X 16 3.45 420 4.35 5.00 
3x3 5.05 5.75 6.00 6.0 
3x9 3.85 4.50 5.00 6.1 
3х 16 3.90 4.65 4.45 


Note: № = 10. Values below 5 indicate contrast; those above 5 indicate assimilation. 
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ferentials yielded neither contrast nor assimilation. Comparing the 
sponses made to each background reflectance, one can observe in 
Fig. 9 three bipolar response functions, one for each of the three 
ackgrounds, as with Technique A and shown in Fig. 1. Fig. 2 shows 
ene 65% background reflectance yielded а small amount of 
(839%) “Эрэг ий when overlaid with the lightest line ern 
and ги lines decreased in reflectance (37%, 20%, 5 ч: 
and the ч те difference in reflectance between the 6596 bac ке 
complem me reflectances increased, reports of contrast «гэр е; 
found мэх response function was produced with the p ene 
(9%) ie of assimilation were reported 25 
Nee, and хаха. 1 SERM ial iaces xp nt 5 
€ overlaid lin CE 9 contrast occurred in i аж 1 ын ran 
lus, as the 1; es increased in reflectance from 20% to e pA 
тойла As line reflectance became lighter in — tor uds E 
n rast eps differences in stimulation occurred ай ecc 
th the } sulted. Fig, 2 also shows that with the 36% backgroun , 
"ighest (8395) and the lowest (496) line reflectances pro 


‘ASSIMILATION 


JUDGMENTS 


3 СОМТВА5Т 


83 37 20 4 
Tie. LINE REFLECTANCE (7) 
UMS тн: 
(The ^N Juvaments Conrounpina ALL LINE AND SPACE Wp 


aram, Trecunique B 
et -tervēni ay, i.e 
° for each curve is the reflectance of the intervening gray, 


65%, 36%, and 9%.) 
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stimulation yielded responses of contrast, small differentials in stim- 
ulation yielded responses of assimilation, and intermediate differ- 
entials in stimulation yielded responses of neither contrast nor as- 
similation. Assimilation, contrast, and no effect of the lines on the 
backgrounds ean thus be seen as the orderly consequences of differ- 
ent stimulus conditions which produce varied stimulation differen- 
tials. 

It is apparent that the present findings also support the area 
luminance hypothesis. However, increases in area of a given reflec- 
tance do not act like simple increases in luminance of fixed areas, 29 
Helson has previously pointed out.!4 Thus, with intervening gray 
of 65% reflectance and 3-mm. lines of 83% reflectance, the result 28 
assimilation. If the 3-mm. lines and spaces are increased in area by ? 
factor of 5.3, to 16 mm., the result is responses of contrast. On the 
other hand, a gray of 9% reflectance with 3- or 16-mm. lines of 49 
reflectance elicits only responses of assimilation. The reflectant? 
ratio of the 65% gray to the 83% line is only 1.27:1, whereas th? 
9% gray to the 4% line has a ratio of 2.25:1. From the ratios 0 
reflectances one would predict that the larger ratio should yiel 
responses of contrast. However, from the present findings it is арг 
parent that smaller changes in area of the higher reflectances yie 
larger changes than do equivalent changes in the lower reflectance* 
Blackwell’s report that liminal contrast is more readily achieved at 
higher levels of field intensity, Beck’s finding that contrast is ree 
ported when the reflectance of the overlaid lines or circles is 4р0" 
that of the ground and that assimilation is reported when ЫГ 
reflectance is below that of the ground,! and the present study 
indication that higher reflectances appear to increase in stimul?” 
tion intensity at a greater rate than lower reflectances, all thus sug 
gest this hypothesis: At high overall levels of stimulation (20 
line and ground of high reflectance), smaller differentials of stimul^" 
tion will produce more responses of contrast than occur at low over 
all levels of stimulation (both line and ground of low reflectanc®”" 
This hypothesis can be tested. If it is valid, with equal stimula” 
differentials (assuming the area-luminance function has bee? 8 
termined for each reflectance level), the condition resulting i? w 
lower overall intensity (adaptation level) should yield responses 


14 LA pam e ” 4 ner 
15 H. R. Blackwell, Contrast thresholds of th . Soc. А? 
36, 1946, 624-643. Arok ACES eyes s qd m 
18 7. Beck, Contrast and assimilation in brigh i ts, Psy? 
Sci, 1, 1966, 342-344. "s MARIS: See 
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less contrast (more assimilation) than the condition resulting in 
| 5 higher overall intensity (adaptation level). Further, if it is 
valid, with equal stimulation differentials, responses should be a 
ар of the adaptation levels, the higher adaptation levels 
inten More responses of contrast (less assimilation) than the 
res mediate levels and the lower adaptation levels yielding more 
Ponses of assimilation (less contrast) than the high or inter- 
Mediate levels, 
быы, methodological notes conclude the aimee gene 
ода ee employed by Helson and his дагинын = 
шу ү юусй in this study is lacking in several i dn es 
ounds vex Pointed out, the use of the split-eard coe qund 
ls gy 5 What S views on each side of the card, and since his react! 
! ав, the net result сап be neither contrast nor assimilation 
viol M each side may be producing the ховс мн 
ange ee suggested that since the lines of saper а 
confounded. at different rates this asymmetry af bs iA = 
8 for био А remedy for these methodological же : depen 
Seale ig Бичин usually associated with bia pi e фе ж 
teger im hub а matching procedure, as iom elt 
зу ios a her suggested that the haploscopi¢ sere Эн 
as а useful technique in the matching procedu 


e me 3 
МОНОС of adjustment coupled with a standard to one eye and a 


ariable + dological 
o th А © Ov the methodolog 
Shop : € other may, hopefully, overcome approach is eu- 


со apne 
tently 9 mgs of the present procedure. This new 
“ng developed in our laboratory- 


SuMMARY 


in сз techniques were used to investigate the stimulus penn aei 
Че, s, lightness assimilation and contrast in relation to ie] үке 
Parison 'al-stimulation hypothesis. Twenty Ss each made 5 ын 

369 25 four times, The stimuli were 7 X 11 in. cards of 65%, 


› and 34:3 vertical lines of 
830, 9% reflectance on which were overlaid prre ын 


асо uta 2076, and 496 reflectance. Combinations edu] 
ше Of dic. 9, and 16 mm. were used. With Techmique A, ver athe 
‘rent reflectances but of equivalent line and space W1 


Sum З nd Rohles, loc. cit. + Helson and Joy, loc. cit. | : Review, 
wary Hurvich, Contributions to color-diserimination theory: R 


; Ос. 
loc, cit А 
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were overlaid on each half of each card. With Technique B, only ope 
side of each card was overlaid with lines; the other side was plain. 
The results with both techniques support the differential-stimu- 
lation hypothesis. One new finding emerged: to produce contrast, 
larger differentials in reflectance were more necessary at the low end 
of the reflectance continuum than at the high end. 


STIMULUS FACTORS IN OBSERVER JUDGMENT OF 


F SOCIAL INTERACTION: 
ACIAL EXPRESSION AND MOTION PATTERN 


т Ву БтЕРиЕх Traver and WILLIAM SCHIFF, 
he City College of the City University of New York 


Judgment of interpersonal behavior plays a critical role in every- 
although psychologists have long recognized the im- 
ocial cucs governing such judgments, there has been 
айе research on observer judgments of human social 
and relationships.t Two variables that apparently do in- 
ipe RP judgment about the nature ofa social Miser 
8) of i emotional states (as indieated in part by facia. —— 
Опе bed Participants and the movements they mäke тей: € 
Stimulus ке; el In an early effort to experimentally | ien и 
imme] ы ii Үд the judgment of social relationships, Heid er С ‘ 
Чгоз.з Sed motion pictures of faceless, interacting geometric fig- 
toda] oy examined the influence of spatiotemporal stir 
icient, ni figures whose ries a ү 
ай a би for their perception as ‘people.’ Ss теаану Hare 
Soci eee: judgments about the apparent emotions, es n 
8 in relationships of the figures when asked to describe. : 
xi = the films, Building on this work, Michotte anpha 
lag Passing role of movement in affecting judgments o. 
Monee ‘Onships,t According to Michotte, every factor that 
elmin 8 perceived social interaction was subordinate to the ov S 
есіру factor of movement. He wrote: “In ordinary ше, йн 
erable a О Огв—ревїлгев, facial expressions, сна 
n. Ba can be differentiated by an infinity of nuances. | 
Oar tta, ti A g EE. lten, Social фаш auf Personality екон, 
hij Gibson rj and Q. а а. Rev. Psychol., 16, 1965, 20; 
holo on, Theories f cNemar (eds.), Ал Rev. Ту, Current aeons th 
7, М. сда! 7) of pereeption, in W. Denn 


. 2 Reor 95 A . 
Чоп. 2 Cline, T Y, 1951, 95-96. erception of faces, 


ption by presenting 


» 25, тосе the influence of social context on the р 4 
арш м 1086, 142-158; A. Michotte, The emotions as functions GONDER 
50, 114-126. 


ar tide Reymert (ed.), Feelings and Emotions, 


i i avior, this JOUR- 
s Mig ats 245. oj rianne Simmel, A study of apparent behavior, 
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are all additional refinements compared with the key factors, which 
are the simple kinetic structures.”® Моге explicitly, he argued that 
motor reactions corresponding to the “integrative” emotions (£4 
sympathy, friendship, love) usually result in *. . . union, posses 
sion ..., approach... positioning oneself close to another . ++? 
contact more or less pronounced, more or less prolonged. . . ."9 Sim- 
ilarly, he maintained that the characteristie motor reactions of the 
"segregative" emotions (e.g. antipathy, disgust, hate, fear) "natu 
rally present the opposite attributes, We move away from the perso? 
we do not like."* Since Michotte's work, several researchers have 
followed the technique of using faceless interacting animated figures 
and each has found fairly consistent judgments about the nature 
the social relationships involved, for different populations, while 
using different motion patterns.’ 

Everyday experience suggests that facial expressions of interacting 
parties will also influence an observer’s judgment about their rela- 
tionship. Cline’s study of the influence of social context on the ре“ 
ception of faces shows that the respective facial expressions о!! 
pair of people play an important part in judgments of their rela- 
tionship.? Cline found that the feelings and motives attributed 
one figure were often influenced by the facial expression of the fif 
ure with which it was paired. The present study was an attempt to 
extend the systematic exploration of stimulus factors affecting ре” 
ception and judgment of social interaction, for it appears that 5 
great deal of information about the nature of the social relatio?" 
ships involved may have been lost with the use of interacting facele® 
figures. Facial expression may be more or less important for judg” 
ments of certain motion patterns as opposed to others. That ин 
facial expression may complement or contradict inferences dr£"^ 
from particular social encounters. What effect this may have 
observer judgment, is presently unknown. The present study Цэн 
concerned with the hypothesis that the stimulus information P/^ 


ue? 
. ў 1 ategorizati Ў angel” ig 
in schizophrenics, J. abnorm. soc. Psychol., 67, 1963, pod de heres C к 
man, Structural and functional determinants in the pereeption of hum); 1. 
) ; iversity, 199 ^op* 
Marek, Information perception, and Pre: Columbia, University f pof og, 

, , 1963912018, context: I, Simple level of Ре р 

tual response, Hum. Relat., 16, 1963, 209-931: R. E. Shor, Effect of ргей ог, 2 


2 uted to animated geometric fig 
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vided by : 

of simple “ЧОЙ хонин alone would influence observer judgment. 

Indicated Бу Habe ыйы ue but that apparent emotional state, as 

the apparent е ial expression, should modify such judgments vim 

tern, even wl motional state was in contradiction with motion pat- 
зеп motion pattern was made highly salient. P 


ludis аад METHOD 

al ‘nonsense’ — Ta a preliminary study, a set of 10 faces, plus a con- 
mm, Kodachro с, was drawn on 1%-in. diameter discs, photographed on 
SOY. The set we aa and shown in random order to 18 seniors at 
cid Bimttnerz ‘aces was similar to that tested extensively by Harrison? 
ea Опе of 14 one-word descripti с 4. The Ss were instructed to 
epi арргорнїо panis IUE of facial expressions (affective states) 
ie вх @ беконі xpression and to indicate the intensity of each 
» onc-word deserinti scale ranging from ‘slightly’ to ‘extremely.’ The 
criptions, and Ss responses are shown in Table I, which 


Teveal 
8 that mos 
s nost Ss aeri Ж 
ata showed that agreed in their responses to several expressions. Since the 
those most. clearly 


MWerentiatod uis Angry: and Happy faces were among 

Son for use, ale each other and from the Neutral expression, they were 
‚ along with the Control and Neutral faces. Happy and Angrys 
ontinuum well suited for use in 
1 as the continuum mid- 


although independently conceive 


nt (wo ex 
дей extremes of an expressive с 
social interaction, with Neutra 


otographing pairs of 


anims 
nimated films was then produced by ph 
ly ruled white metal 


1, Neutr 
3 The ae Happy, and Angry faces опа light 
Was 2 echnique, The im 16 mm. and were made with а single-frame ex- 
Sec н rames long e iaces were moved % in. every two frames. Each film 
"t hree basie юэ providing a projection time of 125 see. at 16 frames рег 
tion graphed. Each ion patterns plus a control sequence with no motion were 
ivel ю the lincar т Bur of faces was filmed in each of the patterns. In addi- 
"V turned 12° ( novement of the faces across the field, they were alterna- 
3 аррбагалс ин left and right each time they were moved, giving an 
Pan 215 Sind К similar to (ће movement in the films used by Heider 
tem (, 26е B ed d oes In the first motion pattern (Passive Receiver, 
ing x APbroaching cel motionless during A's approach. In the second pat- 
A afte Tn the third сссїүег, ApR), B approached A after А began approach- 
аңы or egan a pattern (Avoiding Receiver, AVR), В moved away from 
8 provided Pproaching B. All motion was of the same velocity. "These 
integrative" and "segregative" relationships according to 


10 
Slides he authors . А 
ар are indebted to Kenneth Brown for the production of these 


d syntax for the 


Diet, R. P, 
plished doctoral 


Ori Harris ЭРЭ 
a CE vit Pictie analysis: Toward a vocabulary ап 

9n, Michi research on facial communication, unpu 
Y ameoa? J. Strattner, А Чен 1964. | 
ле m drawin ena developmental study of young children’s perception 
cid Diversity g of faces and postures, unpublished doctoral dissertation, 
ider RA 1963. 

imme H 
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Michotte’s classifications In all three patterns a ‘contact’ sequence was in- 
cluded which lasted 32 frames and occurred at the same spatial and temporal 
Point in each film. During these sequences, Face A was moved 115 in. toward 

» Providing the appearance of A touching or striking B eight times in suc- 
cession while B remained motionless. Following the contact sequence, В left 
the field in the direction opposite to that from which A approached. In the 


Control sequence (No Motion, NoM), A and B remained motionless for the 
entire film, at 


i a distance midway between the starting positions of A and B 
n the motion 


sequ sequences, This provided a partial control for piste E 
i Wenees, the faces were first identified by the labels A and E Ж. p 
rames, the labels disappeared. The complete script is shown in Table п. The 
26 Motion patterns and four facial expressions were combined to yield a 
Х 4 design. 
Subjects. The 
at CCNY, Five 
9T unread 
Men, 137 
Years, 


Ss were 345 volunteers from introductory psychology a 
Ss’ data were discarded from the analyses due to x pM 
able response sheets, leaving а total of 340 Ss. Of these, sorori 
Were women. Ages ranged from 16 to 50 years and average : 


Ч TABLE II — 
: Ч 9 NTROL ^ 
Soret ror Times Moriox Patterns AND ONE CONT ач 
frames 
н Sequence 
Passiy Sequen e 
eceiver A and B identified with шинэ ie 
ak) Letters disappear; no mo 28 
A moves toward Y 32 
A bumps B eight times Е 
Pause; по motion 3 
B <a away from A and off screen 22 
A alone on screen 200 
Approach; Total : gi 
Rece ning A and B identified with letters 18 
APR) " Letters disappear: no motion 20 
A moves toward B only xis 8 
В moves toward A at same 32 
A bumps B eight times E 
Pause; no motion 2 
B moves away from A and off screen 32 
A alone on screen 200 
Avoig; Total ын 
(ecciver A and В identified with letters 16 
Avi) Letters oe um gre -— 20 
A moves towar only 
B moves away from A at same rate 32 
A bumps B eight times E 
Pause; no motion 
B moves away from A and off screen 32 
C A alone on screen 200 
entro] Total © 
омы i i vith letters 132 
i A and B identified with let 2 
Nong} Tettes disappear; no motion 200 


Total 
% 
“Мм 

chotte, Op. cit., 117. 
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" : sponse 
Dependent measures. A number of questions were c аа 4 
sheets to assess the effects of the various in pce mr eam 
Question 1 was designed to test S's attention to the film: in: Dee Ый 
actually in the movie? Put an A under face A and a B unc SR 14 ершш орав 
Бу drawings of the faces used, plus the Sad face]. een. depict 
ended, to obtain qualitative descriptions of the film, fres oi apo what 
tions provided by the labeled seules which followed: “Briefly dd s essi al 
happened." Question 3 was the primary dependent measure and : ^c" (hos- 
Michotte's distinetion between "integrative" (friendly) and “segrega pA bes 
tile) social relationships: "Check the place on the following scale | hostility 
tells what went on overall [followed by a seven-point friendliness/ ов! 
scale, labeled: Extremely friendly or hostile; Moderately ашу, nd 
Slightly friendly or hostile; Neutral]." Questions 4 and 5 wem = Ч did 
verify the Es' and pilot Ss’ labels for the facial expressions; “How ns В" 
look? How strong was A's look?" and “How did B look? How strong V Could 
look? [followed by Looks Happy, Sad, Angry, Neutral, Afraid, Love, 17 
Not Tell, Other; Strengths Extremely, Moderately, Somewhat, Slightly e е 
Procedure. Each group of 8-15 Ss was seated 5-10 ft. from a screen edit 
shown only one film. Total projected field size was 30 x 40 in., and project Ў 


4 мэн d 2 
face diameters were 214 in. Ss were randomly assigned to conditions 20 
structed: 


rite 
I'm going to show you a very brief film. Afterwards, you'll be asked ү, We ) 
answers to some questions about what you saw. As soon as the film ‚о ques. 
Il distribute these folded response sheets. Please answer the first tw pap 
tions without looking at the next three (folded under). Then turn your ur 806 
over and answer the next three. When you've finished, please write yo sens? 
and sex in the spaces provided. Don't change your other answers, Now I 


look carefully at the sereen. You'll sce figure A on the right and figure 
the left. Raise your hand if there are any questions. 


8 
; T 
Ss were told the purpose of the study after completing the response al 


and were asked not to reveal the nature of the study to classmates.!9 


RESULTS 
Table III presents a summary of 
performed on friendliness/hostility 
This analysis shows that both facial 
significantly influenced f/h judgme ‚р 
main effects, Ё tests were performed on the variations within eV 
two major variables, Table IV presents the means and SDs. Тар 0” 
presents a summary of t-test results for facial expression and pif” 
tion pattern; it reveals that all facial expressions yielded 819 and 
cantly different f/h judgments, with the exception of Control шу 
Neutral faces. The three motion patterns did not differ signific® tbe 
from each other, although each was significantly different fro™ 


4 jant? 
а 4 X 4 analysis of cr 
(f/h) judgments of qum 
expression and motion ра. 


nts. To further examine 


(0 
16 Five Ss who 


г , pef? 
knew about the purpose of the study were eliminated 
film screenings. 
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TABLE III 
ANALYSIS OF VARIANCE or f/h JUDGMENTS 
Source SS df MS F 

Facial expression 291.73 3 97.24 37.54% 
T otion pattern 108.07 3 36.02 13.01* 
Facial expression X 

,motion pattern 32.40 9 3.60 1.39 

ithin 837.85 324 2.59 


*p < 001. 


NoM condition. Table VI presents the f/h response distribution, in 
онд, for each encounter, classified by motion pattern and 
cial expression, 
оо respect to the qualitative data, responses to the request 
ira describe what happened" show the different ways ш 
mo | Ss integrated facial expression and motion cues. The two 
st divergent, f/h response distributions were obtained with the 
өрж ав opposed to the Angry faces (Table VI). Regardless of the 
s 9n pattern used, f/h judgments of encounters containing Angry 
ces tended to fall at the hostile end of the scale. Considering 
арру faces, however, it can be seen that f/h responses tended to 


n More equally divided between friendly and hostile judgments. 
2 is to say, motion pattern did not combine similarly with 
ША, and Happy faces but had a greater impact with Happy шар” 
ene Wing are typical hostile and friendly descriptions Ss gav e o 
ounters containing Happy faces in the different motion patterns. 
т Hostile judgments. In the main, for the AVR men 
ing Lene characterized the contact between figures "i ee 
“q orcefully driven off B. A’s actions (e.g. “kicked, strikes, 
mocked,” attacked”) were reported as the immediate cause for 
8 leaving, Hostile interpretations for the ApR pattern, however, 


TABLE IV 
Mrans anp SDs or {/h JUDGMENTS 
Facial expression 


Control Neutral Happy An i 
E 5.13 4.86 3.45 = 
4 1.65 1.77 2.04 . 
M AvR ApR PaR Эрт 
ean . 
07 5.39 
ын Н 33 $4 1.80 1.50 
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TABLE V 
SUMMARY оғ (Test RESULTS 
Facial expression 


Comparison t 


Control-Neutral 
Control-Happy 
Control-Angry 
Neutral-Happy 
Neutral-Angry 
Happy-Angry 


олсны 
i 
* 


Motion pattern 


NoM-AvR 5.07% 
NoM-PaR 5.01" 
NoM-ApR 4,289 
Note: All remaining ts < 1.0, 
*p < .001, 


Were not as violent as the AvR pattern, 
always mentioned. Typical responses ir 
didn't respond and B left,” «p pushed," and «p bumped A." 
This reversa] of A's and B's roles apparently occurred because in 
the ApR pattern B moved toward А. Hostile interpretations for the 
PaR pattern were almost equally divided between A directly and 


although contact was still 
icluded: “B nudges A, A 


TABLE VI 
DISTRIBUTION OF f/h RESPONSES 
Facial Motion Scale categorieg 

expression pattern 1 2 3 4 5 6 7 
ApR 83 00 42 4 2 12.5 333 37.5 
Par 0) 20 do 50 12 35.0 25.0 
Control АУБ. BU 45 45 00 30.4 40.9 131.6 
NoM 0.0 10.8 105 690 53 5.3 0.0 
ApR 88 00 42 gg op 8 250 33.3 
aR 11 59 30 3 0.0 400 350 
Neutral AvR 48 48 05 4.8 286 381 9.5 
Мом 100 50 250 60.0 00 "DU 0.0 
PPR 34 227 48 9.1 84 

З ? Р ) 1 

Par 28 ав 48 wa ui 190 143 
Нарру MB SI pa 43 0.0 136 273 13.6 
NoM 91 30.4 318 140 45 00 0.0 

ApR 00 45 45 50.1 
Рав, 00 45 4$ 0-0 an 409 50.0 

Angry AvR 0.0 оо оо 48 143 428 381 
NoM 90 89 Бб 2 0 15.0 30.0 30.0 

Note: 1 = extremely friendly, 7 = extre i i i 
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forcefully driving B off and A attacking B, but B leaving of his 
om volition. Typical responses were: “A knocked B off the screen,” 

A hit B a few times ond then B moved out.” and “A attacked B 
a series of times, then B withdrew.” Thus, the combination of the 
Happy face and the integrative motion pattern (ApR) was seen 
as the least aggressive encounter, and B was not seen as a ‘victim.’ 
The combination of the Happy face and the segregative motion pat- 
tern (AvR) was seen as a more aggressive encounter, and B was 
Seen as the ‘victim.’ Lastly, encounters containing the combination 
of the Happy face and the motion pattern midway between segrega- 
tive and integrative (PaR) led to judgments that the encounter was 
aggressive, but B was not consistently seen as the ‘victim.’ Con- 
Sidered as a whole, the qualitative data confirmed the results ob- 
tained with f/h sealing. Specifically, although integrative and 
Segregative motion patterns played a role in determining the ap- 
Pearance of an encounter, it was hardly the primary role proposed 
by Michotte, 

(2) Friendly judgments. Friendly interpretations for each of the 
three motion patterns with the Happy faces also had i different 
nuance. In the AvR pattern, the encounter was deseribed ын A 
volving gentle contact or no contact. Typical responses were: d 
Says hello to B and B left,” “A touched B and B left,” and “A — 

" (no contact mentioned). Responses for the ApR i oar ipe 
characterized by either affectionate contact or шив шан To 
tact without violence. Typical descriptions included: А. армийн 
make contact with B,” “B kissed A,” “A cuddled B," or 7 “сай 
bouncing against B.” Friendly interpretations of the = Н, with 
volved playful actions with an aloof recipient: » (n made 
ву нд peeked at В a few times, then В ambled away, lly out 
friendly advances; B while not rejecting him, danced playfu T aud 
9f his reach.” The morg affectionate qualitative descriptions үз 
or the ApR and, to a lesser extent, for the PaR as a roin 
he AVR pattern, again provided confirmation of the role, 2 i 
: ; ag " ns in the modi 
minor, played by integrative and segregative patterns 

Cation of observer judgment. 


Ss were rather accurate à шан 
t 80% of the Ss correct y 
% of the Ss viewing 
lt is due to stimu- 


: Identification accuracy. Lastly, 
- Ying the faces used in the films. Almos 
identified both faces, A and B. However, over 52 

Пату encounters made errors. Whether this resu 
US-procedural or S factors is presently unknown. 
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Discussion 


The results clearly show that the stimulus information жаш 
by motion pattern рег se is insufficient to account for na oe 
judgment of certain social encounters. Information provided = о 
expression of the interacting characters may significantly чи tod 
f/h judgments of even such relatively simple encounters an! ES 
used in the present study. Michotte's point that "facial expr i 
sions . . . are additional refinements compared with the key нч 
which аге the simple kinetic structures,’ appears in need of que 5 
fication. Michotte’s notion that “integrative” and hei aed 
movements are the primary cues for observer judgment?’ is oo 
lenged by the present results, for the same motion pattern of оо 
led to significantly different judgments with some faces, For a 
ple, the Happy-face encounters were judged significantly pie 
friendly than the Angry-face encounters, regardless of motion үк 
tern. Thus, rather than being “additional refinements,” facial E 
pression may function as critical stimulus information for the judg 
ment of an encounter, 

The presence and degree of conflicting stimulus information {rom 
motion pattern and facial expression may account for the differ- 
ential results obtained with the Happy and Angry faces, especially 
the great variability in f/h judgments obtained with the HappY 
faces. A striking finding was that even with Happy faces, a large 
number of Ss (4496 for Scale Categories 5, 6, 7) judged the en* 
counter as hostile when combined with motion (see "Table vI) 
Since this finding was not corroborated with Happy faces in ын 
NoM condition (one hostile response in Category 5), one qaum 
conclude that some part or parts of the motion pattern carried i? 


formation of hostility. If this is true, then in the case of Angry face? 
information of hostility may h 


ression and motion. Considering th? 
f/h sealing data, some Ss apparent 
of the facia] expression, reinterpret? 
ngly, and judged the encounter ? 
esolved the conflicting cues in favor И 
discounting the Happy facial expres 


friendly. Others apparently г 
the motion pattern by either 


17 Michotte, op. cit., 122, 
18 Michotte, op. cit., 117. 
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sion or weighting it less, and judged the encounter as hostile. Since 
there was no cue conflict in sequences containing Happy faces with 
no motion, the response scatter found with other motion patterns 
Was not present. Ss used the only information they had (facial ex- 
Pression) to make a judgment. 

The effect of introducing motion as a possibly conflicting cue is 
reflected by encounter judgments for the different motion patterns. 
Table VI shows that one cue, Happy faces, whose effects are made 
clear in the NoM pattern, were judged overwhelmingly friendly 
(Categories 1, 2, 3; over 779%). The potentially conflicting cue, the 
different motion patterns, whose effects are made clear with the 
Control faces, shows that these patterns were judged overwhelm- 
ingly hostile (PaR, ApR, AvR; Categories 5, б, 7; over 86%). 
Therefore, the stimulus components of motion pattern and facial 
expression (Happy) were weighted to yield extremely different 1/ h 
Judgments. An averaging or consistency model? or a summation 
model? would predict that most Ss would respond in the non- 
extreme Categories 3, 4, 5, when these two conflicting cues were 
Combined in one compound event. On the other hand, judgments of 
encounters containing Angry faces, in contrast to Happy faces, show 
little £/h variability between motion patterns. Apparently the com- 
bination of an Angry face with any motion pattern did not provide 
а cue-conflict situation but, rather, 2 redundantly hostile cue 
tion. Judgments of the Angry face combined with any one of а 
three motion patterns yielded a greater proportion of extremely 
hostile ratings (Categories 6, 7) than were obtained with either one 
of the two constituent elements alone. Thus, these findings ~i » 
dundant stimulus eues may be viewed as support for what has = 
called an “enhancement of contrast” phenomenon where compoun 
Stimuli of high mean scale values receive judgments мэн e 

igher than the mean scale value of the component elements. lts 

One possible explanation for the discrepancy between the єр А 
of the present study (specifically Happy faces, AVR pattern) an 


ity in the 
WEB. Os y in 
C. E. Osgood and P. Н. Tannenbaum, p 

Prediction of attitude change, Psychol. Rev., 62, 1955, ae lance in attitude 
Organ: Fishbein and Rhoda Hunter, Summation versus = 510 

Sanization and change, J. abnorm. soc. Psychol., 69, 1964, 5 m surces on atti- 
tud Jenn S. Kerrick, The effect of relevant and nonrelevan д Gleason, and 
119 change, J. soc. Psychol, 47, 1958, 15-20; М. Мал, T. C. t Psychol, 3, 
1966. ; Dawes, Evaluation of complex social stimuli, J. pers. 5 ^ ‘statements, 

6, 404-419; W. Weiss, Scale judgments of triplets of орто ooling and 
So. abnorm. soc. Psychol., 66, 1963, 471-479; R. H. Willis, Stimulus Р 

cial perceptions, J. abnorm. soc. Psychol., 60, 1960, 365-373. 
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studies involving explicit tests of stimulus-pooling models, a 5 
in the materials or procedures employed. In earlier studies, w га 
conflicting information was given, it was presented На мг T 
in writing or verbally.?? This may have made it possible for Jug Жа 
to continually revise their judgments as congruent and 10000658 
ent information appeared; i.e. they were not confronted ied 
multaneously contradictory information but may have had a deve 
oping frame of reference within which to weigh and classify ingoning 
information. Such a procedure would seem to enhance the likelihoo 
of a summation or averaging effect. In the present study, however 
conflicting information reached the S at the same time. Given ao 
flicting cues presented simultancously, Ss’ extreme ratings may 
accounted for by describing the Ss as 
either face or motion cues; Distorters, 4 
cue in line with the stronger; or Reinterpreters, who reinterprete? 
the weaker cue in line with the stronger, These ways of handling 
conflicting stimulus information point uy 
cal processes evoked by the proce 


5 ; red 
: Discounters, who ignor 


: -oaker 
who perceived the weak 


р differences in psycholog!” 
dures of the pooling-model шигээ 
and those of the present study. Sequential presentation of verba 
or written information allows for classification and ‘storage,’ since 
the messages are discrete wholes, sufficiently spaced in time to per^ 
mit classifieation and hypothe 
propriate for the study of co 
study, the simultancous 
formation did not necess 
since the encounter was I 
such a ‘global stimulus’ 
unlikely that Ss did 


ing 1 i 1, 
22 5, E. Asch, Forming Impressions of personality oc. Psych? Ї 
tr, 255 os JS Bramer D Зар олбол z, abnor soe, Pye 
traits in isolation and combination, in R T - Tagiuri, 
son Perception and Interpersonal В 
Ргїтасу-гесепсу in impressi 
of Presentation in Persuasion, { Widiss Шо iit Fishbein, ай. 
Cg ichey, Lucille McClelland, and A. M. Sh" 
kunas, Relative influence of positive an negative information in impress 
formation and persistence, J. pers, soc. Psychol, 6, 1967, 322-327. 
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In conclusion, the present study shows that the use of animated 
films with precisely controlled stimuli is a promising technique for 
the exploration of observer judgment of social behavior. Films allow 
the introduction and systematic manipulation of almost every 
variable (in particular, kinetie cues) that may contribute to judg- 
ment of social interaction. 


SUMMARY 


Facial expression and relative movements of pairs of interacting 


figures were combined in a series of brief motion pictures to study 
their effects on observer judgments of the friendliness/hostility of 
the encounter. Facial expression and motion pattern were both sig- 
nificant factors affecting judgments of friendliness and hostility. 
Judgments depended upon the congruence of facial expression and 
Motion pattern, for congruent combinations resulted in judgments 
More extreme than for either component alone, while incongruent 
Combinations of conflicting cues failed to produce averaging effects. 
Averaging and summation models of stimulus-pooling did not pre- 
dict these results and are contrasted with the present study with 
reference to simultancous vs. sequential presentation of conflicting 
stimulus information. 


VARIABLES ALTERING PERCEPTION OF 
THE ROTATING TRAPEZOIDAL ILLUSION 


By CLARKE A, BURNHAM, University of Texas, 
апа Нікоѕні Ono, York University 


Ames created the rotating trapezoidal-window illusion to wid 
onstrate the effect of assumptions on perception. apap: зарна” 2 
cording to the transactionalists, develop from action in the Бе a0: 
because of our experience with the trapezoidal projection о ating 
tangular distal objects, we assume and therefore see the rots role 
trapezoid as an oscillating rectangle. This interpretation of j^ sort 
of assumptions was tested with the trapezoidal window by A 20 
and Pettigrew using a culture (the Zulu) in which the assumptio ex- 
rectangularity was expected to be weak 3 The results of Ed 
periment have been interpreted by Slae ; 
empiricistie position. À second tr 
that assumptions are modified w 
а perception and 
not been tested 
and Weiner have both found th 


k as supporting а st 


"T 
apparently does not have to i 
Experiments I and II of the p 
he role of action in the modific 


wn actions,’ 
study were designed to clarify t 


of the rotating trapezoidal illusion. idal- 
There have been studies demonstrating that the trapezo! 
om7 
sinfeeived for publication June 25, 1998, The research reported was 08 
pleted while both authors were at Stanford University, The authors 
tike to dank Dr. Aet H i ice. " windo 
* Adelbert Ames, Jr, Vi Teeption and (| i apezoida 
Peychol. Monogr, б (7), 1951 (N b ) кеша янхан 4 
2 W. H. Itte son, Percep sychology, in Sigmun 
(ed), Psychology: The Study of a Science, 4, 1962, 660 108” optio? 
nh G. W. SEDIS p T. Ju | түге, Cultural ‘influence on the Pozeychol 
9i movement: The trapezoida! illusion аш à "m. SOC. 
55, 1957, 104-113. — “пе Zuli; Saban in tb? 
+С. W. Slack, Critique on the interpretation of cultural differences 
Ames trapezoid, this JOURNAL, 72, 1959, 127-131. 
5 F, P. ee o p i ни? 
1954, 362-370; Melvin wd; ceptual d Эр listorte 
phenomenological study, Psychol, Men evelopment in a d 
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window illusion can be increased by verbal suggestion® and de- 
creased by information about the illusion.” These results appear to 
contradict the transactional theory, since the experimental manipu- 
lations did not involve actions which provided information con- 
flicting with the viewer's perception. Haber reported a sizeable 
decrease in oscillation after a period in which the illusion was dis- 
cussed with Ss, but the transactionalists tend to deny that such 
Cognitive information affects assumptions because the illusion per- 
sists for them, and for other investigators, even when they have 
such information. In the present study, Experiment Ш use of Di- 
rected Viewers was designed to explore a possible mechanism by which 
both information and action can alter the rotating-window illusion. 

_ There have also been studies of the cause of the apparent oscilla- 
tion of the trapezoidal window. Although their accounts differ in 
details, Ames, Pastore, and Graham agree that a discrepancy be- 
tween the perecived slant of the figure and its objective slant 18 
necessary for the illusion of apparent oscillation.s As Epstein points 
out? this explanation differs from that of Day and Power, who 
argue (from experiments with trapezoids and with other figures 
Which also appear to oscillate when rotating) that the necessary con- 
dition for oscillation is an identity of the retinal projection of an 
Object when rotating clockwise and counterclockwise.’ Although 
the present study was primarily concerned with variables altering 
the illusion of oscillation, the cause of oscillation was investigated 
by studying the association between the perceived movement and 


the perceived shape of the rotating figure. 


METHOD í 
‚ ү om 
Apparatus. The trapezoid used in the experiments was ашаа v 
“04-10, sheet metal and painted flat gray. The long side of ша ДЕШЕ ыг міш, 
the short side 9 in., and the horizontal length was 13% in. A ай di нэг 
Masking tape was placed on the borders of the trapezoid to enhance 1 


i ет- 
S. J. M. McGee, The effect, of group verbal suggestion zd age on M Kc. 
"Plon of the Ames trapezoidal illusion, J. Psycho! 6, 19 LET. Nin 

ran pone, The effect of verbal suggestion ae reversal ra 

ezcidal illusion, J. Psychol., 62, 1966, 211-219. ics ibo. Йе БЕЙ 
"E ui Haber, Limited modification of the trapezoidal illusion with exp 

; this JounNaL, 78, 1965, 651-655. нас 
et mnes; 0с. c^; Nichols Pastore, Some remarks on the Ames oscille эн 
anq © Psychol. Rev., 59, 1952, 319-323; С. H. Graham, On some asp 085, 

9 apparent visual movement, J. opt. Soc. Amer., 53, 196 E. 

i illiam Epstein, Varieties of Perceptual Learning, 1967.4 a a 
Motion H. Day and R. P. Power, Apparent reversal (oscilla an ied 
1995 tah, depth: An investigation and a goneral theory, Psychot. „ 12; 

‚ ATK 
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Р nd it, 
bility. A vertical spike % in. tall with a band of masking s i. side. 
making the spike 44 in. in diameter, was welded to the top = c in Experi- 
This spike provided a means of interaction with the rotating — af 
ment I and a reference point for Ss’ descriptions of perceived To is It was 
shape. The trapezoid was rotated counterclockwise at a rate of 42 oe figure- 
illuminated by two red 715-w. bulbs placed below and to the side o ней and 
Shields prevented Ss from seeing the bulbs. The figure was me vide in 
visible only when it was rotating. The Ss viewed the trapezoid while юэ cloth. 
front of a table placed within a large reduction tunnel lined with black a dis 
Ss viewed the trapezoid monocularly, using their preferred eye, from 4 the 
tance of approximately 23 ft. The rear of the tunnel was 2 ft. behin 
trapezoid. Shadows from the figure were not 
of the tunnel. im. on eriods, 

Procedure. The introductory comments, the sequence of viewing р! three 
and the method for obtaining Ss’ perceptual reports were similar for юэ phe- 
experiments. The Ss were told that E was interested in reports of ants 
nomenology or “what the object looks like” instead of their “inte sear- 
knowledge of what it is and what is happening.” This emphasis on the арр ich 
ance of the object was repeated in the instructions on the report sheet, E ii 
was labelled Perceptual Appearances Questionnaire, The Ss were first T n 
the rotating figure for a 45-sec. demonstration period during which it yere 
ascertained that they could see the spike on the top of the figure. They =i 
then shown the questionnaire and instructed how to complete it after 2 
viewing periods, oked 

There were four 5-min. experimental viewing periods. The Ss merely 10 the 
at the figure during Periods 1 and 4. After Period 1 all Ss were told that 


н, : 3 3 m'a interes 
figure was actually rotating in a counterclockwise direction, and Z's in re 
in the apparent movement was res 


: side Wa 
visible on the rear or side 


tated. The Ss were never told that the ын 
‘quired for the action in Experiments I pi 
2, and the Ss engaged in the activity T" 
ment while viewing the figure during ын 
oved prior to Period 4. The Ss complet. 
period. They wero asked to draw the pus , 
ad seen during the preceding viewing Lie ^ 
i Saw each pattern, and to draw the 
ach pattern, The Ss were told that 

apparent shape mi i 

patterns were d 


near, and a comple: i 

of the spike end from а twelve 

testing had shown that these patterns Were the most frequently observed: op- 
Subjects. The Ss were 79 freshman and Sophomore men at Stanford Uni" 

sity. Approximately half were introductory-psychology students fulfillin® 

part of the course requirement; e recruited from a dormi 

and paid for participation, The 


: den 
Psychology students and the paid $t" 
were used in each of the experimental treatment groups. 


-o'clock ро; 


ROTATING TRAPEZOIDAL ILLUSION 80 


Experim : à А 
ёоо. шин and String Observers. The question asked in 
the actual «еа: v а engaging in motor activity which conformed to 
s wore pun dn lees е be trapezoid would increase veridical perception. The 
tween ЖЕ. T eme су hend seated beside each other with a partition be- 
wilh a amine tn ас - шэн of the pair held a stylus which was connected 
actual олоо со the trapezoid. He was instructed to follow the 
while he kept x e MB of the figure in a circular groove on the table 
considerable d "ir taut. This was initially a difficult task. There was а 
lot Tm a ет on the trapezoid and motor when the Actor saw 
HS ving ee gig: to pull the string toward him while the trape- 
told i-is Зэ : | ay: he Observer was given an unconnected stylus and 
in front ef him d penn movement of the trapezoid in the circular groove 
Baik are ae cen pairs of Ss were run; the Actor and Observer of cach 
Perception durin сац “иен conditions for mean percentage of veridical 
cluded because Л мэх Period 1. The data from one pair of Ss were ex- 
the string was nae ied stated after the experiment that he did not believe 
(мак nani р» hed to the trapezoid. 
asked in. хоол : Weight Commanders 
Experiment II was whether instructing another person {о engage in 


motor aetivi 5 r 4 
ivity which provided information about the actual movement of the 


trapezoi 
л 1010 Ч H р E " . 
l would increase veridical perception. As before, Ss were run in pairs, 


Ser E. 
a Уб = other with a partition between them. A stylus attached to 
vertical їр me in front of one of the Ss. The string ran through а short 
was visible >р асса оуег {һе trapezoid and had & weight at its end. The weight 
When the E. its raised position during the experimental viewing periods. 
weight, diem y Ж was pushed forward and the string was thus slackened, the 
zoid = peu into position to be hit by the top edge of the rotating trape- 
chosen ae side was at a half-past-four-o'elock position. This position was 
билэн : use it was slightly in front of the point at which counterclockwise 
of each кчы during perceived oscillation of the trapezoid. One member 
bonas i ir of Ss was sclected to be Weight Dropper; the other was Weight 
ing the wis The Dropper's task was simple. He lowered the weight by mov- 
said “Dr Jus forward in a groove in front of him whenever the Commander 
i rop!" The Dropper was instructed to lower and raise the weight rap- 
gure, The Commander was told to 


and Weight Droppers. The question 


14 ly а 
Order тээн keep looking at the moving fi 
drop whenever he thought there was a chance that the weight would 


hit 

the n 
(аф, ЫР of the figure near the edge with the spike. Commanders initially 
"d to order two drops during each rotation, one when the edge with the 


Spike pass 

edge el under the weight and the other immediately afterwards, when the 

appeared to return and again pass under the weight. This second drop 
| continued rotating beyond the 


Drovi . 

Hiper nel information that the edge had | 

and Comm the weight. Sixteen pairs of Ss were Tun. The selection of Dropper 

"Option dy ander was made to equate these conditions for mean veridical Хет 

cluded doe the initial viewing period. The data from one pair were ex- 

оа Commander could not see the spike- ЧР 

Experiments 1 1: Directed Viewers. Reports from pretest Ss and from й in 

Tom attentio and II suggested that an increase In veridieal perception resu ted 

°xperiment т\ to certain portions of the rotating trapezoid. The question in 
III, then, was whether directing 88 attention to portions of the 
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figure would result in an increase in veridical perception. Following а, 
8 was told to try to see the actual counterclockwise rotation. He was Ге 
viewing instructions, based on the carlier reports, to help him. These ын E 
tions were (1) to focus on the corner with the spike rather than looking е B 

“object as a whole,” (2) to look at one of the side edges of the figure, um БЕЛЕ 
to look at the top edge and view this edge as a rod which w: е На 
around. The S was told to use any of these techniques, or othe wine 
found useful, to help him see the rotation. Prior to Period 4 S was told эр 
turn to a relaxed or natural state of viewing while watching the object. Fi 

Ss were run individually in this experiment. 


RESULTS 
. . 2 re- 
Movement. Each S reported after each viewing period the mo% 


А е 
ments he had seen during the period and the percentage of time = 
had seen each movement, АП the reported patterns of movemen 


fied as illusory. Fig, 1 presents the mean percentage of veridica! 
perception aeross the four periods for the 15 Ss in each of the five 
experimental treatments, The results of statistical analyses of ^ 
Percentage of veridica] Perception (VP%) are as follows.!! The 55 
in the five experimental treatments did not differ in VP% in Pe 
riod 1. There was a Significant, increase in VP% from Period 1 t? 
i treatment groups except the String Observers. The 
riod 3 was significantly higher than during Period 


80 


Directed Viewers... 12029, 


70 weer” E 
E Р % 
2 5 
Зо d oeil 
2 2 Weight Commanders х 
а 
550 е 
3 NN String Actors N 
3 N 1 
40 4 
* D 
Wei 
2 eight DropperaN. w 1 
230 
5 
2 ‘String servers 
227 


Fro. 1, PERCENTAGE OF VERDICAL PencEPTION 


33 All comparisons are based on two-tailed ¢ tests with a = .05. 
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for all except the String Observers and the Weight Droppers. The 
only significant change from Period 2 to Period 3 was the decrease of 
the Weight Droppers. Both the Weight Commanders and the Di- 
rected Viewers decreased significantly in VP% from Period 3 to 
Period 4. The only group with a significantly higher VP% during 
Period 4 than during Period 1 was that of the Weight Command- 
ers. However, their final VP% did not differ significantly from that 
of any of the other four groups. 


Movement and shape. In addition to reporting the movement of 
the figure, Ss drew on the questionnaire the apparent shape of the 
figure for each pattern of movement they perceived. The drawn 
Shapes were classified as rectangular if the average of the two in- 
terior angles on the longer side of the drawn figure was 86° or 
Sreater and as trapezoidal if the average of these angles was less 
than 86°, 

The association between movement and shape was tested in two 
Ways. For the first analysis, only data from those Ss who reported 
Seeing either counterclockwise rotation or oscillation for more than 
half of a viewing period were used. Data from Ss who frequently 
Saw other movement patterns were thus omitted from this analy- 
Sis. The contingency classification of movement (counterclockwise 
Totation уз. oscillation) and shape (trapezoidal vs. rectangular) 
Was analyzed by x. The x? values for the four periods and the 
usable N for each period are presented in Table I. Although these 
tests are not independent, it is quite clear that Ss who tended to see 
the rotation saw a trapezoid while doing so and that Ss who tended 
to see oscillation saw a rectangle while doing so. 

The second method for studying the association between move- 
Ment and shape answered the question whether an 8 who sees both 
Counterclockwise rotation and oscillation will so report a change d 

15 perception of shape with change in his perception of movemen 


: 5 
at there are more changes from rectangle to trapezoid than change 
TABLE I - 
ANALYSIS ок CONTINGENCY CLASSIFICATION OF MOVEMENT AND SEA 

Period Usable N х 

8.56" 

1 En 8.67” 

3 59 9.22 
4 52 1.15 
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from trapezoid to rectangle associated with the change from e 
lation to the rotation. The MeNemar test for the significan e 
changes was applied to those Ss «ho saw both the rotation us 
oscillation in a viewing period. The x* values for the four eee н 
and the usable N for each period for this analysis are presant ed 
Table II. These data also support the hypothesis that the percep а 
of oscillation is associated with seeing a trapezoid and the percep 
tion of counterclockwise rotation with seeing a rectangle. 
Discussioyx 


What variables alter the perception of the rotating trapezoidal 
window and what mechanism causes the change in ee 
Merely telling Ss that the object is rotating counterclockwise pos 
not result in an increase in veridical perception. The String w 
servers, who were given this information, did not show an increase Ь 
veridical perception. A simple interpretation of the transaction? 


TABLE IT | 
ANALYSIS or CHANGES IN SHAPE Accompanying Cuancrs iN MovEMENT 
Period Usable N x? 
1 38 .90 
2 33 185854 
3 36 10.08* 
4 41 Tili" 


"emuk 


| e 
ists’ statements on the importance of action is supported only by " 
comparison between the String Actor 
Period 2, in which the 


x 4 „matlo 
rdi . Ypothesis, exposure to inform ma* 
conflicting with assumptions changes assumptions; this infor 


12 Kilpatrick, ор. cit., 369. 
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tion is most frequently produced by one’s own actions although it 
can be produced by another's. The Weight Commanders were cer- 
tainly exposed to information which could change their assumptions. 
They did report a change in perception: they saw more counter- 
clockwise rotation during Periods 2 and 3 and, to a lesser extent, 
Period 4 than during Period 1. However, the Weight Droppers 
Were exposed to similar information, which resulted in an increase 
M veridieal pereeption for Period 2 but not for Periods 3 and 4. 
Exposure to information resulting from actions does not necessarily 
alter the perception of motion of the rotating trapezoidal window. 
Indeed, the largest increase in veridical perception during Periods 2 
and 3 occurred for the Directed Viewers. These Ss engaged in no 
Bross motor activity and received no information from another’s 
actions that the figure was rotating counterclockwise; they were, 
however, instructed to focus on a portion of the figure. Their data 
Suggest that an inerease in veridical perception is caused by selec- 
tive focusing, 

The mechanism of selective focusing is capable of explaining, in 
ап admittedly a posteriori fashion, the pattern of alteration in mo- 
tion perception for the groups in Experiments I and II. The task of 
the String Actors was initially difficult; selective focusing and, 
thereby, secing rotation was functionally useful during Period 2. As 
these Ss continued to move the stylus around the grooved circle in 
front of them, the task of keeping the string taut became easier and 
could be performed even while they were perceiving oscillation. 
They Probably did not need to selectively focus and see counter- 
Clockwise rotation during Period 3 to keep the string taut. The 
Weight Commanders had to order a drop every 4.2 sec. to perform 
qum task correctly; seeing rotation would have been — 0 

ing this during both Periods 2 and 3. Moreover, it is likely tha 
10у were led to fixate the corner of the trapezoid above the longer 
on by the instructions to hit the figure at that ages 
л бы, ну тераа orders bai А эх: мэн и е8 
may how ended to order two drops during ea 5 н теред 
оо ш engaged in selective focusing during 2 " кы коё 
Mec oe changed. They probably performe арилган 
hea Т during Period 3 and did not attempt to § 
Se rotation. 
I ie we suggest that the action of the Ss in Experiments : Ves 
ed in selective focusing when it was necessary OT useful to 
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perceive the veridical movement pattern to support the мн se 
unlikely that a change in assumptions or a change in the weigh i 
of assumptions brought to the experimental situation was аро 
ble for the alterations in perceived movement. The lack of nol 
tinued veridical perception of motion during Period 4 is po» 
patible with an hypothesis that assumptions were modified. W р 
one focuses on one edge of the figure, one sees rotation; when ын 
looks at the figure in a relaxed fashion, one sees oscillation. on 
mechanism is also capable of explaining previous findings of we 
in the perception of the rotating trapezoidal-window illusion. It | 
possible that the experimental 


neh ees 
demand characteristies of MeG 
and Cappone's instructions res 


ulted in more relaxed viewing and 
thus in an increase in oscillation and that Haber’s informat? 
sessions caused his Ss to see rotation by selective focusing.!? SclectiY 
focusing can also account for the relative stability of the illusion 07 
professionals who have worked with it and who have not been moti 
vated to destroy it. Both Es of the present study became adept 
alternating between pereciving counterclockwise rotation and 080! 
lation by alternating between selective focusing and relaxed signe 
Selective focusing may result in veridical perception for pr 
Teasons. An S who fixates an edge may be able to disregard t 
object-connotation aspects of the rotating trapezoidal window ын 
therefore see the figure as a rotating trapezoid. This interpretato 
of the effect of selective focusing is based on an assumption sna 
nation of the illusion such as that proposed by Ames.!4 Or, fee 
one edge may result in a failure to notice the illusory perspective 
apparent oscillation. This interpretation 


ective explanation of the illusion such n 
that proposed by Graham.5 The present study docs not allow ° 


е 
А two possible explanations of the a ! 
of selective focusing. Analysis showed that one shape, a recta? t 


eived movement, oscillation, and ge 
another shape, a trapezoid, was associated with the perceptio? "i 
counterelockwise rotation. These results tend to support a $ ан п 
shape interpretation of the r ating trapezoidal illusion rather V 
an ambiguity-of-retinal-motion interpretation, Day and Power's x 
terpretation of oscillation in terms of an equality of projecte 3 re 
tion for both directions of rotation may be reasonable for а #2 

13 McGee, loc. cit.; Ca 


i’ “арроше, loc. cit, 
14 Ames, op. cit., 13-17 ш 


15 Graham, loc. cit. 


ot 


; Haber, loc. cit. 
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such as an ellipse.!? There is no provision within their theory for a 
change in shape accompanying a change in perceived movement as 
there is within the misperception-of-slant interpretation of oscil- 
lation. It is possible that shape and movement data could be ob- 
tained which would support one of the two interpretations of the ef- 
fect of selective focusing. The interpretation that focusing prevents 
the assumption of rectangularity from occurring implies that the 
change in shape precedes the change in movement. The interpreta- 
tion that focusing prevents the illusory perspective cues from being 
registered implies that the change in movement precedes the change 
11 shape. However, our shape and movement data are correlational, 
and thus we cannot tell which variable is causal or whether they are 
concomitant. 


SUMMARY 


Three experiments with the rotating trapezoidal-window illusion 
Were conducted which bear upon the transactionalists’ proposition 
that perceptions are modified by action. The results suggest that 
action ean lead to an increase in veridical perception but that it 
does so through the mechanism of selective focusing. Ss told to fix- 
ate an edge of the figure reported a greater increase in veridieal 
Perception than Ss who engaged in gross motor activity with the 

gure. It is hypothesized that action results in selective focusing 
Which produces veridieal perception when such perception is nec- 


essary to support the action. 


19 Day and Power, loc. cit. 
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ASSOCIATIVE RECALL AS A FUNCTION 
OF STIMULUS RECOGNITION 


By James М. Royer, University of Illinois, Urbana 


Ath 
Martin has recently reported two experiments concerned s 
the role of stimulus recognition in paired-associate genuine iy 
these experiments the position was taken—and the results gene iate 
confirmed—that in order for a stimulus to elicit its approp! ie 
recall response, S must first make an intervening хилэнд to 
sponse to that stimulus. The purpose of the present paper W НВ 
shed some light on ап anomaly found in the second of Ма! ac 
studies, where he used a mixed-list, study-trial/test-trial design first 
two types of CCCs of equal associability.2 Six CCCs of the 1- 
type (Type С) were consistently paired with one of the ai xi 
throughout the 12 Study trials, while six CCCs of the second ee Ч 
(Type R) were re-paired anew on each study trial. The test ? юэ 
consisted of presentation of the 12 stimuli (Types R and C) that 
the study trials and 12 additional CCCs of equal associability Ss 
had not appeared on previous study or test trials. Maret. 
were then required to make both a recognition response and pire 
response to each test, stimulus, but the results of the study indic: 
less support for Martin 
The data indicated a r 
the proportion of recall res 


chance proportion of corr 
nized Type R stimuli to sam 
communication) that this su 
analyses of the data failed t 
explanations. 


а 
ggestion was truly residual. Rep sive 
9 turn up any meaningful altern 


* Received for publication August 12, 1968. . rning p 
1 Edwin Martin, Stimulus recognition in aural paired-associate Театр, wer, 
verb, Learn. verb. Behav., 6, 1967, 272-276; Edwin Martin, Relation А 19 
stimulus recognition and paired-associate learning, J. exp. Psychol. 
505 


2 Martin, op. cit., J. exp. Psychol., 74, 1967, 500-505. 
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Howev ЭМГ 
of лати bar eei Ра over trials for proportion 
both R and C pairs T imi nonrecognition of the stimulus for 
bility that. suh 3 cn cath te explanation. There is the possi- 
if ah ний ЕСТЬ p E «wm increase over trials could have occurred 
while бойт ой 1с х ns adopted a particular guessing strategy 
in Martin's кт ан study-and-test trials. The response items 
3, and ний, ШТ ш шин С and R pairs, were the digits 1, 2, or 
test trial. ie. ns Ч ia in used four times within each study-and- 
Now let de a ein twice with a C item and twice with an R item. 
and булган ж that an S on the first test trial had recognized 
digit l'as the fer эн bos first two items, both of which had the 
recall a response Ps | DENEN. If on the third item S was required to 
improve his sardi f тшшн that he did not recognize, he could 
digit 9 or 3 аз: ie ity of correct recall over chance by guessing the 
Ss did use mak S sponse for that item. Assuming that some of the 
study-and-test б x strategy, then as they proceeded through the 
tions, hone 5 "p and learned more of the correct 5-К associa- 
performance эн d be able to increasingly improve their guessing 
responses on al elimination of one or more of the alternative 
"GN. one ES for whieh there was not certain recognition. 
make it more ене for such an occurrence would be simply to 
increasing the iffieult for Ss to guess the appropriate response by 
study Шон of responses available to them. The present 
the number of = Я attempted to replicate Martin’s second study with 
increase also ¢ Їр ailable responses increased from three to eight. The 
that a aimed 5 “ээр a more random assignment of response digits in 
times on кыы, did not have to appear à specified number of 

5 would ані те trial. Under this procedure it was expected that 
der to make " nstrate that stimulus recognition 18 necessary 1n Or- 
a correct associative response. 


N 
бес, [ETHOD 
19 volunt 
О the two 
агау ia 
4596-55, 


desi ; 
ign, and materials. Ss were 24 college students (men and women) 
lents were 8 igned to each 


study-and-test trials on an 
e stimuli were CCCs of 


ars ME participants. Twelve stuc 

ide [mp lists and were given 12 

шаг of 12 trigram-number pairs. Th ii | 

Son cach list I yi and the responses were the digits 1-8. The 

Р of trigrama were divided into two groups of six each. Those m the first 

Ughout, the "s (Type С) were consistently paired with the same digit 
study trials. Those in the second group of trigrams (Type 


grou 
thro 


ant syllables, J. 


^L. Wi 
genet. itmer бу? 
eh , The association value of three-place conson 


Suchol., 47, 337-360. 
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А iring of 

R) were re-paired anew at the end of each study trial. аана 
Туре Е stimuli with new digits was conducted in a random — = ee 
the restrictions (1) that no digit be used as a Tesponse more E die юэ 
on a single trial and (2) that there be an interval of seven йаз ware icon 
same digit was re-paired with the same CCC. Two 12-pair ээн шийр! 
structed so that every trigram entered into a Type С pair on one T E 
2 Type R pair on the other list. Twelve Ss were assigned to cach “eee R 

During test trials 24 trigrams were presented: the 12 Type C де ecowiatioD 
trigrams from the study trials and 12 ‘filler’ trigrams of equal ass 12 test 
value. The filler trigrams were presented only once each during the ей to 
trials. For each of the trigrams presented on a test trial, S was rum 
make two responses. He first had to make a recognition or a noms The 
Tesponse and then to make a recall response, ie. one of the digits, 1- ndom 
12 test stimuli and the 12 filler trigrams were intermixed in a different ra 
order on each test trial, 

Materials for the study were prerecorded on tape and presented to £ m 
of six Ss in a small room, Ss recorded their responses in a 13-page test book! 


А beside 
On each page were 24 blank spaces for recording recall responses and 


: РЭН ses. 
each blank were the letters N and O for recording recognition respons 
were required to place 


а slash through the letter O (“old”) if they шааж” 
the stimulus as one that appeared on a previous study trial or throug? 
letter N (“new”) if they judged it to be a new stimulus. series 

Procedure. Each group of six Ss was told that the task consisted of p of 
of 12 study-and-test trials. Ss were instructed to listen to the series 0 
trigram-number pairs 


ion BIG 
during the Study trial and told that the pairs wet 
be presented at à 2-sec. rate, They 


be followed immediately by 


roups 


let. Ss were further advi 
from trial to trial. 


heir 
this consisted of CCCs which appeared only on that trial. Ss recorde the 
responses on the first page in the booklet. The tape was then stopped а0 with 
Ss were asked if they had any question: 


S. The tape was then started again the 
the first study trial Study-trial items were presented at a 2-sec. rate which 
test-trial items at a 6-sec. rate. The intertrial interval was 5 sec., during | 
time Ss were told whether the next trial was a study trial or a test tr 


н. Wall 
* Standard Z test for the difference betwee t tions; see 1. 
and J. Lev, Statistical Inference, 1953, 7 цайлах лаг 
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TRIAL NUMBER 


Fic. 1 
- 1. Prop 
ORTION “ a 
тох “Oro” Responses то “OLD” (Srupy-TRIAL STIMULI, Tyres C 
AND R) лхо “New” (Fitter) TRIGRAMS 


Proportj 

gram ын of false recognition, 1.6. indicating “old” for a filler tri- 
» 18 shown in the bottom half of Fig. 1. 

ct recall responses to study-trial 


hown in Fig. 2. As can 
C pairs given rec- 


Learn} 
Simul an proportion of corre 
? seen, the iie: of test-trial number is $ 
ОЮШй ор of "s oportion of correct recall for Type 
basses he stimulus (P[CR/R]) reached a higher level than 
Portions of proponon for Type R pairs. The differences in pro- 
and Ty е recall given recognition (P[CR/R]) for Type 
Over Trials 4 peim were compared over blocks of four trials, t€. 
= 207 (р des 5-8, and 9-12. The differences were, respectively, Z 
БЭ Байн etaed conn and Z = 635 (p < 001). 
an initial] ver trials, the statistic was Z = 1.0 (р < 001), making 

Y nonsignificant comparison highly significant. 


mmarizes the infor- 


Learn; 
ing-r s 

9-recognition contingency. Table I su 
Note that the prob- 


Matio 
n on th х 
he learning-recognition contingency. 
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TRIAL NUMB 


Fic. 2. Рпорокттох Correcr REcALL 
AND R Pairs Gi 


ability of a correct recall response by 


since there were eight 
for Type С p 
was .345. Compared to the ch 
significant statistic (7 — 
portion of correct recall 
(P[CR/NR]) was 4189, 


8 9 10 Il 
ER 


(CR) to Stupy-Trrat $ 71) 
їесовхгтох (R) anp Хохиксовхгтох (N 


TABLE I 


PROPORTION CORRECT Псли, (C 


NONRECOGNITION (N 


P(CR/R) 

P(CR/NR) 

P(chance CR) 

P(CR/R) on trial blocks 
1-4 


5-8 
9-12 

P(CR/NR) on trial blocks 
1-4 


5-8 
9-12 


R) or THE STIMULUS 


Р(СВ/В) 


P(CR/NR) 
P(CR/R) 


этимал ror TY 


chance alone was set at 2, 
alternatives. The proportion of correct rect 
airs given recognition of the stimulus (P[CR/ ШУ 
ance level, 125, this yielded а a d 
13.09, р < .001). In contrast, the Bi 

given nonrecognition of the stimu 


: оЈае 
: jel 
which, when compared to chance, У! 


Pair type 
с R 

.345 .219 
.139 .100 
.125 .125 
.937 .175 
336 .254 
.420 .223 

.103 
“138 098 


re C 


П 
CR/RI) 


us 


R) Given Recoanrrion (R) ANP 
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a nonsignificant statistic (Z = .636, p = .535). Further, the pro- 
Portion of correct recall given recognition significantly exceeded 
the proportion of correct recall given nonrecognition (Z = 8.44, p 
< .001). 

Comparisons for the Type R pairs were made in the same manner. 
The proportion of correct recall for the Type R pairs given recog- 
nition of the stimulus (P[CR/R]) was .219. This value, when 
Compared to chance level, indicated a statistically significant. above- 
chance performance (Z = 6.26, p < .001). The same comparison, 


made with P(CR/NR) = .10, indicated no significant departure 
Tom chance level (Z = —1.26, р = .173). The comparison of 
Р 


(CR/R) with P(CR/NR) for Type R pairs revealed significantly 
higher performance given recognition of the stimulus (Z = 5.83, 
P < 001). | | 
In comparisons between Type C and Type R pairs, as shown 
Above, P(CR/R) for Type C pairs significantly exceeded the я 
Statistic for Type R pairs (Z = 7.0, p < 001). In addition, t ^" 
comparison of P(CR/NR) for the two pair types yielded no ин 
“Nees at the .05 level (Z = 188, p = .0602). The proportion 9 a 
80 recall, given recognition and nonrecognition of the stimulus, ü 
urther broken down in Table I to give blocks-of-trials € 
Special interest here is the P(CR/NR) for Type R and Type 


airs : 4od significantly from chance. 
Pairs. None of these proportions departed Lec dens D АШЫ. 
10 largest departure from chance, that for Type © pairs 


9-12, yielded Z = 1.06, p = .289. 


DISCUSSION 

The fi 

With th 

Martir 

Pairs in 

Previous 
avo 


i sentially in agreement 
ndings of the present. study were essentially in ag 


е second Martin study. The present study er ен; 
VS, that there was no difference between Type R шин е т 8 
an S's ability to recognize them as having ae in 
Study trial. However, there was a significant М : nse as- 
Го Type С pairs when S was asked to recall the respons 


м | trigram. As € indi is finding sug- 
1 dice ted, this жы 
g . has been 1n 


"equi, At formation of ап associative (reca in a paired- 
asso -ement for formation of a recognition response } 
* learning situation.’ 
situation. tudy and 
: u 
Ман: Major area of departure between the present ы be 
"US study lies in the likelihood of a correct reca 


5 
Mart; А 
“Чи, op, cit, J, exp. Psychol., 74, 1967, 500-505. 


102 ROYER 


given nonrecognition of the stimulus. Martin was forced to make по 
decision concerning his stronger hypothesis, i.e. that formation of 8 
recognition response was prerequisite to formation of an associative 
response. It was suggested in the present study that the results of 
Martin's study could have occurred if some of the Ss were using 8 
guessing strategy allowing them to perform above chance level 0? 
nonrecognized items. It was further suggested that with the gd- 
dition of several more alternative responses such a guessing strategy 
would become unlikely. Four specific comparisons can be made be- 
tween the present study and Martin's study to clarify this area 9 
departure. (1) Martin’s Ss achieved significantly above-chance € 
rect recall given nonrecognition of the stimulus for Type R pairs 
(Z = 2.0, р = .05). The comparable statistic for the present study 
was nonsignificant (Z = —1.26, p = .173). (2) Martin’s data ний 
dicated a significant difference in P(CR/NR) for R and C pai 
(Z = 2.28, p = .02). The difference in the present study was 181877 
though nonsignificant at the 05 level (7 = 1.88, p = :0602). (3) 
Two of the possible six comparisons of P(CR/NR) against chant 
over blocks of four trials for both R. and C pairs proved significa? 
in the earlier study. None of the comparisons in the present St! 

proved significant. And (4) there was an apparent improveme” 
over blocks of trials in P(CR/NR) for both Type R and Туре 

pairs in the Martin study. Table I reveals that the comparable 
statistics for the present study were 119, .138, and .176 for И 
Type C pairs and .103, :098, and .097 for the Type R pairs. It 2. 
be seen that there was an apparent improvement over trials 107 
Type C pairs; however, no such trend existed for Type R pairs 8 
| Thus, the present study cannot offer conclusive evidence that d 
in the Previous study engaged in a guessing strategy that епар g 
them to improve over trials in their recall of unrecognized шэн 
It does, however, offer substantial support to Martin's contentio" 
that ап intervening recognition response must occur before ? ра 
ticular stimulus elicits an associated (recall) response. Ss perfor а 
п nonrecognition of the stim 


consistently at the chance level give 
lus and consistently above chance given recognition of the stimt 4 


SUMMARY 4 
The study-trial/test-trial method was used with two ФУР Сй 


у Я 15 
aurally-presented paired associates. The paired associates сопё ved 
of 12 trigram-number pairs, six of which were consistently es at 


throughout the 12 trials, and six of which were re-paired ane 
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the ний of anch study trial. During test trials Ss were required to 
make a recognition response and a recall response to both the tri- 
grams presented on the study trials and to 12 new filler trigrams. 
It was suggested that reeall of the correct response item would be 
dependent on S's ability to recognize the stimulus. The data sup- 
Ported this hypothesis. 


EFFECTS OF READY-SIGNAL INTENSITY AND 
INTENSITY OF THE PRECEDING RESPONSE SIGNAL 
ON SIMPLE REACTION TIME 


By Davin L. KonrzLp, Psychology Division, U. S. Army 
Medical Research Laboratory, Fort Knox, Kentucky 


Recent research has shown that stimulus-intensity effects = 
simple reaction time (RT) depend not only upon the absolute 
stimulus values but also upon their difference from some ad 
jective reference level. At least two experimental approaches 
have proved useful in clarifying these relationships. (1) Grice 
and Hunter demonstrated that within-S designs produce large 
differences in RT to varying signal intensities than when 0827 
response signal is presented to a separate group.! They suggest 
that a reasonable interpretation of the contrast effect found к 
within-S designs is provided by adaptation-level (AL) theory: 
(2) It has been demonstrated that when Ss listened to bé 
presentations of a tone just prior to participation in an 201 
experiment, the resulting response-signal functions were modifies 
in accordance with the intensity of the preadaptation stimulus 
Clearly, the stimulus context in which a RT signal is presented | 
a significant factor in determining the speed of response. 
| An important feature of simple RT experiments is that а T€? 
signal is usually presented on each trial to facilitate the prepare 
tion for reaction, and since the ready-signal precedes the газро. 
signal on each trial, it seems reasonable that the intensity 0 
former may have important consequences for the manner in V^ r 
the latter is perceived. In support of this contention, Baumeiste ! 
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1G. R. Grice and J. J. Hunter, Stimulus intensity effects depend upon : 
type of experimental design, Psychol. Rev., 71, 1964 246-256 nal? 
2 Harry Helson, Adaptation-Level Theory: An Experimental and Syston, (0 
Approach to Behavior, 1964. Grice and Hunter proposed that expose the 
over Senses of test stimuli produces an AL огеш amon pa" 
values, Whereas exposure to only one j sity res i at th 
ticular value. й нання jul’ 
SH. G. Murray and D. L. Kohfeld. р | ion level їп SUR lus 
intensity dynamism, Psychon. Sci., 3, ee ae afantatian lerch SU a? 


intensity and adaptation level as determi ii ation timer 
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Dugas Er . 
als мэ Би эйч auditory ready- and response 
reliable зэмлээд ; Ea in ready-signal intensity produced 
suggested Bick, ho на эв 22 all response-signal values. They 
ulus context, but чүзү contributed to the effective stim- 
theoretical ae did not relate their findings to a specific 
mine екз Tue ne n present study was an attempt to deter- 
reference stimul or y-signal can influence RT by serving as a 
Accordingly ^ es wan which the response signal is compared. 
intensity woul | : нь hypothesized that variations in ready-signal 
the findings е produce corresponding changes in RT. Based on 
highest Vind - preadaptation studies, it was expected that the 

T and TRA ccr intensities would provide the slowest mean 
fastest Tean Te ready-signal intensities should produce the 


METHOD 

response signals were 1000- 
PL. The tones were gen- 
ented through calibrated 


Apparatus 3 

d сар Тһе stimuli for both the ready- and 
erated Бу S in intensity from 30 to 90 db., S 

earphones © Xrohn-Hite audio oscillator and pres 
sie. ne Grason-Stadler electronic switch, having 2 rise and decay time 
and decay tin пын the ready-signal, while a second switch, with a rise 
Mes were ie oF 10 msec., delivered the response signal. The rise and decay 
98 conducted at this level in order to avoid click transients. The experiment 
d in a double-walled, sound-treated chamber. 8 sat in a chair 


wit 
laco 
conventi сч 
Ry ubjects ad B telegraph key clamped on its arm. 
vho Wore jese procedure. The Ss were 52 soldiers (average age of 20 years) 
signed to the laboratory after completion of basic training. Each 


fore beginning the experiment. It 
s he could to the second 

was presented. 
to familiarize S 


м. give 
Аз emph 
two su 
fore th 
With resp 


mba sd RT instructions be 
ecessive E S should press the key as fast a : 
“РЭН tg A total of 96 scored trials per session 
onding Qu 15 unscored practice trials were given 
que ready-sig : he second of two tones. : 
ОНУ gs <n were 30-db., 60-db., ог 90-db. tones of .5-ѕес. duration. 

10 Fw 60 db. t es ened to four ready-signal conditions of either 
tig 18 each ‘condi з, or a random combination of the three (30-60-90-db.), 
19 э m each loth or d Each ready-signal was presented an equal number of 
On e Were given Jm 24 trials for ihe 30-60-90-db. condition. The remaining 
anq Ч86с1 үс dacs four ready-signal conditions in a counterbalanced order 
that 7 -db, ETE All Ss were administered the same order of 30-, 50-, 70-, 
here е шон signals, presented in random order with the restriction 

SIX presentations of each response signal in each block of 24 

erg, Effects of warning 
interval, and temporal 
Psychol. Rec. 17, 1967, 
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Weert intensity el 
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E a Dogn and Philip Erdb: 
tion signal intensity, prep: tory 
ОН ies. s y, preparatory 

reaction times of mental defectives. 
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trials. Foreperiods of 1, 2, or 3 sec. were given in irregular order preceding 
the onset of the response signal, which lasted for 1.5 sec. The interval дэр: 
response-signal offset and ready-signal onset was set at 15 sec. Timing 0 
events was controlled by Hunter timers operating in a repetitive sequence. 
RT was recorded in msec. by a Hunter electronic timer. 


RESULTS 

The left panel in Fig. 1 shows mean RT as a function of 
response-signal intensity for the four ready-signal conditions. л 
analysis of variance indicated that the within-S effect of response 
signal intensity was highly significant, F (3, 108) = 124.91, Р 
< .001. Also significant was the main effect of ready-sign4 
intensity, Р (3, 36) = 3.22, р < .05. It was apparent that mea? 
RT was fastest for the 30-db. ready-signal, slowest for the 90-db. 
ready-signal, and intermediate for the 60-db. and 30--60--90-db. 
conditions. The fact that the 60-db. and 30-60-90-db. grouP® 
performed at intermediate levels suggested that both groups L^ 
responding to a value at the mean of the stimuli (60-db.). 4 2. 
for simple effects revealed that these two groups did not ав 
significantly, ¢ (18) = 1.06. In order to determine whether th 
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Fic. 1. Reaction TIME As А FUNCTION OF READY- AND Rusponse-Sion’™ 
INTENSITY род 
(The dots around the between-Ss 30-60-90-db. ready-signal means ate 
of the separate 30-db., 60-db., and 90-db. trial components. 
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30-60-90- ; 
90-45, od: ion responded differentially to the 30-, 60-, and 
in the left Жү trials, each ready-signal was plotted separately 
Ponents showed 8 S Fig. 1. The 30-, 60-, and 90-db. trial com- 
Mean, It appears б 1 апа unsystematic departures from the group 
value at the dn s that Ss in this group responded consistently to a 
to-trial shifts i ean of the ready-signals in spite of random trial- 
In view ск ready-signal intensity. 

Session, аз tol i stability of ready-signal effects within an RT 
components LE by the trial-to-trial analysis of ready-signal 
Itions were be he 30-60-90-db. group, the four ready-signal con- 
letermine wh ко to 12 Ss in a counterbalanced order to 
tion of read T ner RT would change from day to day аза func- 
that RT e y-signal intensity. The right panel of Fig. 1 reveals 
Slowest ode over days, as Ss were fastest on the 30-db. day, 
60-db, and 50-6 90-45. day, and intermediate on days when the 
of variance 1 көкү ready-signals were presented. An analysis 
Tesponse-si indicated that the within-S effects due to ready- and 
025, and he intensity were significant, F(3, 33) = 3.50, p < 
30-60-90-41. ,33) = 196.07, p < 001, respectively. The 60-db. and 
lifferences i enuy siena] conditions did not produce significant 
Imilar ED; T, t(11) — 39, which confirms the prediction of 
_it has bee se potential for the two conditions. 
Signal ite п suggested that trial-to-trial variations in response- 

nsity should displace Ss’ AL toward the intensity of the 


l'éspons : 
e gn 
Signal on the preceding trial.9 In order to evaluate this 


assum " 
ptio : A М 
п, Fig. 2 presents RT to response-signal intensity on 
on trial n—1* 


tria] n 

e ries 5 тшй of the response-signal intensity 
tonditions үч ы represent mean RT averaged over ready-signal 
es 2 that I^ 12 58 in the within-S design. It 18 apparent from 
к. tria] 84 9 оп trial n could not be predicted on the basis 
a the iene - intensity. Supporting this conclusion 
the rial п—1 ч of an analysis of variance which indicated that 
dit; absence м Sch was not significant, F (8, 33) — .33. Moreover, 
à. OUS, ёа 6 _ this effect was consistent across ready-signal con- 
in 1 на by the lack of a Ready-Signal Х Trial 
in 4 Ponse- эн, Ё (9, 99) = 81. Clearly, trial-to-trial changes 

AL, Signal intensity did not produce corresponding shifts 
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Шуу task,’ iS equential effects of stimulus characteristics in a serial reac- 
е author 448. 7. Psychol., 19, 1967, 35-40. 
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Discussion 


| Тһе most noteworthy aspect of the present results was that the 
intensity of the ready-signal contributed to the effective stimulus 
context in which the response signals were presented. This finding 
18 consistent with previous attempts to describe the departure of 
a stimulus from АТ, as an important determinant of response 
potential in the RT situation.5 A feature of the present design 
which deserves comment is that both the ready- and response- 
signal intensities Were apparently important in the formulation of 
a reference level. Thus, Pronounced within-S intensity effects were 
obtained for the response Signals, a finding which supports the 
notion that a contrast effect can Бо obtained when 5 experiences 
more than one Tesponse-signal value in an RT session. The 
intensity of the ready-signal also produced a contrast effect, a 
result which js consistent with the findings of Baumeister Dugas, 
and Erdberg? As to why the ready-signal produces this effect, it 
IS argued that Ss are required to attend closely to the ready- 


8 Grice and Hunter, op. cil., 952: E 7 41; 
Kohfeld, ор. cit., 468-173 92; Murray and Kohfeld, op. cit., 440-441; 


soa paister, Dugas, and Erdberg, op. cit, 505-506. It should be noted that 
Isaac 2r har anu С. К. Adams (Some Properties of the reaction-time ready- 
signal, this JOURNAL, 73, 1966, 419-426) reported that RT showed a systematic 
decrease with a corresponding increase in ready-signul infensi] A This a yparent 
contradiction in findings may be due to differences in Шел а 115 ap Robart 
and Adams employed a design more typical of classical eondiliontes: aly one 


response signal on all tri little vanari В < 1 
sigle RT. ittle variation in foreperiod interval) than 0 
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signal, thus enhancing its contribution to the weighting process 
which apparently occurs in the RT situation. 

There were two aspects of the results which pointed to the 
conclusion that trial-to-trial changes in the stimuli did not induce 
compensatory adjustments in the reference level of the observer. 
(1) There were no fluctuations in RT as a funetion of the 
Tesponse-signal intensity presented on the preceding trial. (2) 
When the three ready-signal intensities were presented in ir- 
regular order within a session, Ss apparently responded to their 
mean value and did not show trial-to-trial adjustments toward 
the prevailing ready-signal value. À possible explanation for this 
Stability is based on the assumption that S was unable to modify 
his reference level from trial to trial because the signal intensities 
Were presented in an unpredictable order. As a consequence of 
this uncertainty, S chose an effective level whieh was intermediate 
&mong the intensity values. 

The absence of response-signal sequence effects in the present 
study is somewhat surprising in view of the findings of both 
John and Murray, who reported that RT was an increasing func- 
tion of the response-signal intensity presented on the previous 
trial.10 Two possible reasons for the discrepant findings are offered. 
(1) The present study employed an auditory ready-signal, whereas 
Murray used a visual ready-signal, and John used none at all 
m his serial RT study. One might speculate that auditory 
Tesponse-signal sequence ‘effects cannot be observed when a ready- 
Signal of the same modality is presented between response signals. 
(2) The present study utilized an intertrial interval of 19 sec., 
Whereas John employed an average interstimulus interval of 6.5 
260, and Murray used an intertrial interval of 6 sec. In discussing 

18 results, Murray suggested that each response signal may 
eave a residual “neural noise" which influences the context in 
Which the next signal is presented." It follows that the residual 
effects of the response signal may persist over à relatively short 
ntertrial interval (e.g. 6 sec.) but not over à relatively long 


Intertria] 1 

nterval (e.g. 15 sec.)- . . 

5 he fact that adaptation effects were 80 persistent а а 
vord of further comment in the context of AL theory. Since the 


eory predicts that every stimulus produces ап adjustment of 


10 i E peus 
vos John, ор. cit., 38; H. G. Murray, unpublished doctoral dissertatt 
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the prevailing level, the inability of Ss to modify their AL in 
the direction of the stimuli presented on each trial is seemingly 
inconsistent with an AL interpretation of sensory phenomena. 
This issue can be partially resolved, perhaps, by making the 
rather obvious point that something more than sensory processes 
is reflected in RT measures. Indeed, Helson has suggested that 
AL is not a purely sensory phenomenon but is also manifested 
in certain cases where motor responses, such as RT, represent 
the prevailing AL.!? Furthermore, Grice has pointed out that 
there is a qualitative difference between ALs which involve 8 
modification of Sensory processes and those which can more ap- 
propriately be classified as response processes.!? (irice's main pro- 
posal was that adaptation procedures, along with a number of 
other variables, can be viewed as influencing the detection €r- 
terion, a concept which is derived from decision theory ап 
which in many ways is analogous to the AL concept. This ap- 
proach not only allows one to allocate certain adaptation effects 
within the general domain of response processes, but it also implies 
that adaptation procedures which influence the criterion can be 


quite persistent, an implication which is supported by the present 
experiment. 


SUMMARY 


‚ Forty Ss (men) were given a simple RT test with four ready- 
signal conditions, 10 Ss in each condition. A fifth group of 1 
Ss received all four ready-signal conditions in a counterbalance 
order on consecutive days. The results indicated that а 90-db. 
ready-signal produced the slowest mean RT 30-db. the fastest, 
60-db. intermediate, while a random combination of ready-signals 
with a mean of 60 db. also produced intermediate RTs. It 929 


Tesponse-signal intensity presento; 
g which suggested that trial-to-tr 
t induce compe ry adjustments 
in the effective AL of the observer. каш 


12 Harry Helson, personal communication, 1967 
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MOTIVATION AND SHORT-TERM RETENTION: 
EVIDENCE FOR COVERT REHEARSAL 


Ву Косев M. Tarry, Williams College, 
Зам Guuckspere, AND Loy D. LYTLE, 
Princeton University 


: Facilitative effects of incentive upon short-term memory per- 
ormance have been demonstrated in a number of recent studies. 
The general experimental procedure, а variant of the Peterson 
Eus Peterson technique? involves the presentation of a recall 
PEN (e.g. a CCC trigram), followed by an interpolated re- 
learsal-preventing activity (e.g. reading digits in time to the 
beat of a metronome). After a specified time interval filled. by 
this activity, Ss try to recall the stimulus. Differential incentives 
for recall may be cued in a number of ways. One example would 
be by varying the background color of either the recall stimuli 
9r the interpolated-task (IT) stimuli, so that IT stimuli pre- 
Sented on a red background would, say, inform S that correct 
Tecall is worth 106, while IT stimuli on à blue baekground would 
indicate that correct recall is worth nothing. Although differential 
learning may occur under some conditions, incentive effects have 


been obtained when differential learning was precluded. 

Two alternative explanations for these incentive effects have 
een proposed, an arousal explanation and а covert-rehearsal 
explanation. Weiner suggests that “differences in recall between 
Motivational conditions and nonmotivational conditions . - 
lare] not caused by differential rehearsal . . . of stimuli. Incentive 
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effects are attributed to some as yet unspecified arousal function 
such that ". . . augmented motivation during trace formation 
makes . . . [that trace] more resistant to interference" or, pre- 
sumably, more resistant to decay In support of this arousal 
interpretation, Weiner argues that if differential covert rehearsal 
does mediate incentive effects, then increasing the difficulty of the 
IT should deerease incentive effects because the greater the IT 
difficulty, the less the opportunity for covert rehearsal. Weiner 
found no Incentive х IT Difficulty interaction, and he concluded 
that augmented recall is not mediated hy covert rehearsal. This 
conclusion may be premature because it rests on the implicit 
assumption that Ss’ attention to the IT increases in proportion to 
its difficulty. Weiner did not assess performance on the ostensibly 
rehearsal-preventing ТТ. It is conceivable that Sx’ accuracy 1 
the IT fluctuates as a function of incentive and difficulty and that 
differential covert rehearsal could, in fact, occur. This possibility 
was suggested by some informally noted aspeets of Ss’ behavior 
in the Tarpy and Glucksberg study, where the IT consisted 0 
reading digits to the beat of a metronome. On a number 0 
Occasions, a consonant from the CCC trigram was substitute 
for an IT digit. Ss often fell behind the metronome beat, à? 
IT errors did occur, Unfortunately, this earlier study was n9 
designed to permit reliable assessment of IT performance, and 50 
incentive effects as a function of IT performance could not но 
examined. 

The present study was designed to examine incentive effect? 
upon short-term retention as a function of IT performance: 
When IT performance is perfect, it is assumed that no cove? 
rehearsal occurs. When IT performance is inaccurate, i.e. whe? 
Ss are inattentive, it is assumed that opportunities for cove! 
rehearsal exist, An appropriate IT for this purpose is one M 
which performance is essentially error-free when Ss do not eng2£t 
in covert rehearsal, ie. when they pay full attention to it- If 
incentive effects are obtained irrespective of IT performance, ie 
irrespective of opportunity for covert rehearsal, then Weiner 40 
Walker's arousal hypothesis is виррогеа 8 If inpanfive effects ar 
found only when IT errors occur, ie. only with opportunity for 


5B. Weiner, Motivation factors in short-te > Soi shearsal or 
arousal? харшил, ig 90, 1967, 1203-1908. term retention: II, Rehe 
5 Weiner, op. cit, Psychol. Rep., 20, 1967, 19 ” 
7 Tarpy and Glucksberg, loc. cit. » 1203-1208. 
8 Weiner and Walker, loc. cit. 


MOTIVATION AND SHORT-TERM RETENTION 113 


covert rehearsal, then a differential-rehearsal interpretation of 
motivational effects upon short-term retention is supported. 


METHOD 


Subjects. Ss were 97 experimentally naive undergraduates (men) attending 


Princeton University. These Ss served as paid volunteers. 

, Materia and Procedure. (1) Interpolated task. Rehearsal-preventing ac- 
tivity consisted of keeping track of the number of times the first digit of a 
20-digit series occurred. in that series. The digits were tape-recorded at the 
Tate of 2 per sec. to fill a 10-sec. retention interval, Task difficulty was de- 
fined in terms of the mean percentage of first-digit repetitions. An easy IT 
Was used with additional, more difficult IT series included as ‘dummy’ trials 
to insure that the Ss were alert and could not be correct by guessing. The 
various 20-digit scries were randomly determined except that half the series 
began with even digits, half with odd. (2) Recall task. The stimuli were 24 
CCC trigrams with a mean association value of 3074. The recall stimuli, like 
the IT digits, were tape-recorded at a rate of 2 per sec. The sequence of events 
constituting a trial was: a lesec. buzzer ready gnal, followed 5 sec. later 
by the CCC trigram; this was followed immediately by the 20 IT digits. At 
the end of the series of digits, Ss had 10 sec. to write the trigram and the 
Count of first-digit occurrences. For example, if a trial sequence consisted of: 
SBM 13192417311202857221, then the correct answer would be SBM 6, where 


die De + 
the number 6 refers to the number of times the first digit, 1, appeared in the 
(Н) and low (L), were em- 


20-digit series, Two incentive conditions. high ) 

ployed. Thirty-six Ss were told that if both trigram and digit-count were cor- 
rect, then they would be paid 10¢ when the first digit was odd, and 1¢ when 
the first digit was even. For 39 Ss, the incentive cues were reversed, te. H 
When the first, digit was even, L when it was odd. There were four H and four 


L trials plus 16 ‘dummy’ trials (SH and SL) with greater IT difficulty. Ss 
Were tested in groups of 10 to 20. Trigram-recall performance was scored 
According to Woeiner's method!? of giving one point for each correct con- 
Sonant and one point for each correct position, yielding a maximum score of 
SIX points for any given trial. (3) Control conditions. Two groups of 11 Ss each 
Served as controls for (a) trigram retention when the IT stimuli were pre- 
Sented but were to be ignored and (b) IT performance when the trigrams 
Were presented but were to be ignored. Identical stimuli were presented to all 
Eroups, Н 


Соп о] Groups 


© Trigram retention. Performance was virtually perfect when Ss 
io instructed to recall the trigram and to pay no attention 
the IT. Only six errors were made in 964 trials (11 Ss given 
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24 trials each). These data demonstrate that Ss could accurately 
hear the tape-recorded stimuli and could recall them with ease 
over a 10-sec. interval in the absence of interpolated activity. 


Digit count. When Ss were given both the recall stimulus and 
the IT but were instructed to ignore the stimulus, errors on the 
IT were appropriately low. Numerous errors, however, did occur 
on the more difficult IT ‘dummy’ trials, indicating that any Ш- 


centive effects (on trigram retention) would be uninterpretable 
for those trials. 


Experimental Groups 


Recall performance regardless of IT performance. Mean recall 
Scores (expressed as a percentage of the total possible score) are 
presented in Fig. 1 for both incentive conditions. A Wilcoxon 
matched-pairs, signed-ranks test indieated no significant. difference 
between the groups. The failure to obtain an incentive effec 
is contrary to previous findings.'? There are several possible 
reasons for this failure to replieate the incentive effect. The n 
task used in the present study was different from Woiner's? 
and, unlike Weiner's procedure, Ss here had to perform accurately 
on both the recall task and the IT; they could not sacrifice 
performance for recall performance. According to the covert-Te 
hearsal hypothesis, incentive effects should be obtuined only whe? 
IT performance is so sacrificed, ie. when covert rehearsal occur? 
For data bearing directly upon this issue, recall performance 48 9 
function of incentive and IT performance must be considered. 

Recall performance as a function of IT accuracy. In order ыг 
evaluate recall performance as a function of incentive when 
performance was accurate (IT+), only those Ss who had both 
high and low incentive trials under IT+ conditions were include 
in the analysis (Fig. 1). Similarly, only those Ss who displaY* 
inaccurate (IT—) performance on both high and low incentiV? 
trials were chosen (Fig. 1). Each S was assigned a mean rec? 
score for the relevant entry so that each S would contribute equally 
to the group means. A Wilcoxon matched-pairs, signed-ranks ын 


distribution. б, 
12 M. I. Posner, Components of skill 5 * Sei 62, 1960» 
1712-1718, Weiner, op. cit., Psychol; Es ^w Wo 3 Гэ гэ role No- 
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Fic. 1. Mean Весли, Scores As A FUNCTION OF INCENTIVE AND IT 
PERFORMANCE 


Was then used to evaluate the effect of incentive. In the IT+ 
Condition (N = 66) where, presumably, opportunities for covert 
rehearsal were greatly reduced, performance was not affected by 
Incentive. In fact, slightly better performance was observed under 
low incentive than under high, although this difference was not 
Significant. In the IT— condition (V = 46), where, presumably, 
Covert rehearsal may have occurred (Ss were explicitly inattentive), 
recall performance was significantly superior under high incentive, 
? = 200, р < .05. In summary, the results indicate that recall 
Was facilitated by high incentive only when Ss had the oppor- 
tunity to rehearse. The findings reported by Weiner are pre- 
Sumably due to the lack of control (or measurement) of such 
rehearsal opportunities. 
A... addition to the failure of the present data to lend empirical 
p LE to the arousal hypothesis, the hypothesis can be questioned 
me theoretical grounds. It is difficult to conceive of an arousal 
" chanism directly influencing trace processes in a discrete trial- 
fas fashion in the within-Ss designs commonly employed.® 
m intertrial intervals are typically short, on the order of 10-30 
энер state of high arousal would be expected to carry ын 
effe one trial to another, and this should mask any arousa 
cts that might be operative. On both empirical and logical 


0, 1966, No. 18, Whole No. 626. 
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38 Weiner, op. cit, Psychol. Monogr., 8 le No. 626. 
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grounds, then, a covert-rehearsal interpretation of incentive effects 
is strongly suggested. А 

Опе гр ее И of the data obtained іп this study 
merits brief comment. In general, data from short-term memory 
experiments employing variants of the Peterson and oe 
technique! have been obtained under procedures which do m 
provide for assessment of interpolated activity performance. | 
the extent that interpretation of these data rests on the assumption 
that covert rehearsal has been prevented, such interpretation. 
may be in error. It would seem important, in light of presen" 
data, to evaluate the extent to which a rehearsal-preventing task 
does, in fact, prevent rehearsal. An interpolated task of the мн 
employed here would seem to provide a technique for assessmen 
of covert rehearsal and may profitably be used where prevention 
of covert rehearsal is an integral part of an experimental de- 
sign. 


SUMMARY 


Incentive effects upon short-term retention of ССС trigrams 
were examined in an experimental paradigm which permitted cid 
uation of the extent to which Ss paid attention to a rehears® : 
preventing interpolated task. When interpolated task performano 
was accurate, it was assumed that covert rehearsal did not it 
place. When interpolated task performance was inaccurate, - 
portunity for covert rehearsal was presumed to be present. M 
centive facilitated short-term retention only in this latter ie 
dition, supporting a covert-rehearsal interpretation of previous 
reported incentive effects upon short-term retention. Gener? 


bie c jon 
methodological implications for the study of short-term retenti? 
are briefly noted. 


15 Peterson and Peterson, loc. єй. 
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A METHODOLOGICAL STUDY OF 
INCIDENTAL AND INTENTIONAL LEARNING 


, When Saltzman studied the role of the orienting task in in- 
cidental and intentional learning, his procedure differed from 
most in that he used an orienting task (card-sorting) that con- 
Sisted of three incidental presentations of the stimulus material! 
After all his Ss had been thus exposed to the stimulus items, half 
Were instrueted to learn the material (intentional learners) while 
the other half were asked merely to observe the stimulus items 
(incidental learners) during the three card-sorting trials that 
then followed. Saltzman found that with equal initial exposure 
to the material, the groups learned at the same rate. He concluded 
that the greater efficiency usually reported for intentional learning 


resulted from the intentional Ss’ greater initial experience with the 
study was an attempt 


stimulus material. Experiment I in the present 

to replicate and extend Saltzman's findings and to control for 
three factors which, in Saltzman’s study, allowed other inter- 
Pretations of his results. The uncontrolled agents of concern were 
these: (1) Postorientation testing. Saltzman tested his intentional 
Ss, but not his incidental Ss, following the orienting task. Their 
Senerally low performance on this test could have lowered their 
Motivation, thus eliminating the differential effects of instructions 
to learn? (2) Sorting rate. Saltzman’s intentional learners worked 
Эг significantly longer periods than did his incidental learners. 
This prolonged practice could have generated fatigue or boredom 
Which depressed the intentional learners! scores. (8) Exposure 
time. The face-upward eard-sorting that Saltzman's Ss did left 


* Recei — T зай 
ёссїү icati . The research reported was 
Supported [3 tor publication, September. sining Branch, Behavioral Sciences 
P. oratory, under Project 7183, Psy hological Research on Human Perform- 
ту Ч Neiberg is now at the University of Michigan, Flint; Dr. Levine is 
he State University of New York at Stony Brook. , : ) 
this Joy; Saltzman, The oricnting task in incidental and intentional learning, 
2 pOURNAL, 66, 1953, 274-277. | a" 
denial evidence that motivation is an important contributor to both inci- 
Incid. and intentional learning, sce Ronald Johnson and Calvin Thomson, 
Jour ental and intentional learning under three conditions of motivation, this 
NAL, 74, 1962, 284-288. j 
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some of the stimulus items exposed for long periods of ш 
Incidental Ss could benefit from such exposure, but рио n 
Ss could not, since before a card was sorted, the intentont 
S had the opportunity to study the card for as long as he a 
necessary. This additional benefit for the incidental Ss could 
diminished any differences which existed between the gronni ий 
periment І of the present study thus attempted to replicate rni 
man's work while assessing the contribution of post orientatio 
testing, sorting rate, and exposure time to such a comparison e 
incidental and intentional learning. Experiment II was then aO 
cerned with the retention of the incidentally learned material. : 
long-held hypothesis is that incidental learning may occur unce 
some circumstances but that material so acquired is not дээрэ 
as well as intentionally learned material. Experiment II tested thi 
hypothesis by comparing retention of incidentally and intentiona у 
learned material after a 24-hr. rest. 


EXPERIMENT I 


Subjects. The Ss were 130 college students from an introductory psychology 
course. cd? 

Apparatus and materials. Three identical sets of 32 cards were prepar on 
Each card was 2% ҳ 2% in. with a two-digit number (2 х 2 in.) d as! 
the face. A Johnson card-shuffler (Model 50) was used to insure that at 5 8, 
one well-shuffled deck of cards was available at all times. Of the 32 C ers 
eight contained odd numbers greater than 50, eight contained even num on- 
greater than 50, eight contained odd numbers less than 50, and eight © 
tained even numbers less than 50. as 

Design. Six groups were employed, with these conditions: Group I, ei 
Saltzman’s intentional learners; Group II, same as Saltzman’s gem 
learners; Group III, same as Group I but without postorientation test 


„y rather 
Group IV, same as Group II but with instructions to sort for accuracy ™ 


- away 
than speed; Group V, same as Group III but with instructions to look 2" in" 
after sorting (close pro 4 


ctoring assured that these Ss complied with ine. 
structions); and Group VI, same as Group IV but with instructions tO use 
away after sorting. The objectives of the experiment were achieved БУ itr- 
of these groups in the following ways: (1) A test of the replicability of Pia 
man’s findings was possible by comparison of Groups I and II. (2) AD eva 28 
tion of the affect of postorientation testing on intentional learning scores ме 
obtained by comparison of Groups I and III. (3) The effects of sorting jso 
on incidental and intentional learning scores were determined by comp?” ac 
of Groups III and IV; this was possible since instructions to sort for cade i 
rather than speed resulted in a slower sorting rate for incidental learn 


—-— аг ch 
з These cards originally were blank playing cards contributed to the Ня 


effort with the compliments of the U. $ Playing Card Co., Cincinnati, 
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(4) The effects of exposed stimuli, instructions to learn, and an interaction of 
these were studied by comparison of Groups III, IV, V, and VI. 

Procedure. First, all Ss were given three orienting trials with instructions to 
sort the 32 cards, as rapidly as possible, into the four groups of odd or even, 
above or below 50, numbers. Next, Ss in Group I were given а 75-sec. test to 
see how many numbers they had learned; during this time, Ss in the other 
groups rested. Then, all Ss were instructed to continue sorting for three 
more trials. Those Ss assigned to the incidental groups (II, IV, and VI) were 
told to sort just as they had earlier. In addition, Ss in Groups IV and VI 
Were instructed to sort for accuracy rather than speed, and Ss in Group VI 
were instructed to look away after sorting. Those Ss assigned to the intentional 
Кра (I, III, and V) were asked to try to learn the numbers while they were 
sorting in this part of the experiment. Group V Ss were further instructed to 
look away after sorting. Finally, all Ss were given a 75-sec. recognition test. A 
mimeographed sheet with the numbers 11-99 was given to each S with in- 
structions to circle as many of the numbers which had appeared on the cards 


as he could within the allotted time. 


Results and discussion. The number of correct г 
80% of the number of incorrect responses served as a corrected 
Performance score. The mean performance and variance for each 
group appear in Table I. A Ё test was performed between the 
two groups modeled after Saltzman’s (Groups I and 11). The 
differences found were not statistically significant (t = 1.64; 
df = 38), indicating the success of the present experiment in 
Teplicating Saltzman’s work. These nonsignificant differences im- 
Ply that formal instructions do not lead to more efficient learning 
as long as equal exposure to an orienting task is provided. 
Saltzman’s findings thus duplicated, the possibility that post- 
orientation testing depressed intentional learning was examined 
У comparing the intentional-learning group which had been so 
tested (Group I) with the intentional-learning group which had 
not been so tested (Group III). No significant differences were 
found (t = 0.13; df = 38), indicating that the testing experience 
Probably had no harmful effect on criterion test scores. As 8 
further test, Groups II and ПІ were compared. These were com- 
Posed, respectively, of incidental and intentional learners, none 
of whom were tested after the orienting task. The lack of a sig- 


esponses minus 


TABLE I 
MEAN RECOGNITION SCORES AND VARIANCES: ExPERIMENT I 
M I II III IV V VI 
ean 2.2 9.4 12.6 10.2 
Variance NE | 122 22 204 115 
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STIMULUS VARIATION AND FREE RECALL: 
A CONFIRMATION 


Several recent experiments have explored the roles of repetition 
and variety in learning and recall! Bevan, Dukes, and Avant, for 
example, reported three experiments in which stimulus variety Wa 
the major independent variable? In their Experiment I, the same 
Ss, when presented with slides depicting common objects, recalled 
more objects when the generie class was represented by tw? 
different specimens (AB) than when the class was represented by 
one specimen presented twice (AA). In Experiment II the results 
were repeated using nouns for which the adjectival modifier was 
either changed or duplicated. Experiment IIL used five degrees 
of variation of pictorial material, with each group of Ss receiving 
a different degree of variation. Again, the superiority of variety 
was demonstrated, but with some evidence of a saturation effect. 
That is, classes represented by four different specimens (ABCD) 
were no better recalled than classes represented by two identic? 
and two different specimens (ААВС). These authors suggested tha 
the results may be due either to enhanced attention to unduplicate 
stimuli or to enhanced probability of recall due to increase 
associations to the class when the specimens were varied. d 

Perhaps one way to rule out one of the two hypotheses woul 
be in terms of the between-groups vs. within-Ss designs. if ie 
hanced attention were the major factor, then one might expe 
the enhancement from varied stimuli to also exert an effect D 
the duplicated stimuli in a design in which cach S received exP?™, 
ence under both duplicated and varied conditions. The effect : 
variety would thus be minimal compared to the situation whe 
each S experienced only one level of variety. Since the Beva™ 
Dukes, and Avant report used both a within-Ss design (Exper 
ment I) and a between-groups design (Experiment np, 9 
obtained the effect, it would appear that the general-attentiven? 5 
hypothesis is weakened. The present experiment aimed at oP 
firming this effect in a within-Ss design using three levels 


* Received for publication August 15, 1968 
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and repetition in the acquisition of naming res ges J. exp. Psycho ond 
1967, 171-181; William Bevan and William F Dukes Stimulus-variatioR 
recall: The role of belongingness, this JounwaL, 80, 1967, 309-312 

2 Bevan, Dukes, and Avant, loc. cit. aap ? í 


NOTES AND DISCUSSION 123 


Variety 5 

m The use of three, rather than two, levels of variety was 

m. intended to provide information on the location of a satura- 
n point for variety in the within-Ss design. 


METHOD 


ш пец, Stimulus materials consisted of 72 color slides of com- 
исе s emis r slides were divided into three groups as follows: (1) AAAA 
specimen jika objects, each represented by four different specimens. Each 
candles Pe lap: four times. The objects in this group were guns, toys, 
ere үе в, scissors, апа шарз. (2) AABB—Six classes of objects, each rep- 
сезгә y two different specimens, with each specimen presented twice. 
Кын ihe 8 houses, drums, beds, women, and cars. (3) ABCD—Six 
specimen: objects, cach represented by four different specimens, with each 
cree presented once. Classes were children, desserts, clocks, cameras, flow- 
, cats. 

toes Ss were 42 students (20 men, 

Pes T€ at Georgia State College. They were teste 

Picos rst few minutes of the class hour. | . 
& Жой 5. The 72 slides were loaded in random order into the magazine of 
аон Carousel projector. Ss were each given a sheet of paper and then 
Were ed to look at the slides without saying or writing anything. The slides 
Stel oe for 2 sec. each. The interstimulus interval was the time re- 
ped or the Carousel to cycle. After all slides were shown, Ss were allowed 

- to recall, as instructed, as many of the objects as they could. 


22 women) in two introductory psy- 
d in the classroom 


RESULTS 
mined and was trans- 


The number of objects recalled was deter 
tly recalled. In some 


s into the number of categories correc 
and nees more than one object in a given category Was recalled, 
gene in such eases only one correct response was counted. In 
Was Tal, any response indicating correct recall of the category 
fe io For example, for the category ‘bed,’ acceptable 
Nahin were ‘bedroom suite, ‘bed,’ ‘bedroom,’ or anything in- 
рг ing that the S recalled a situation im which a bed was 

esent, 
e mean numbers of categories recalled (out of à possible total 
41. rA each of the three conditions were: AAAA, 3.2; AABB, 
Pricdm CD, 4.5. The difference between means was significant by a 
taileg wi two-way analysis of variance (2: = 23.83, P < .001). One- 
indio lleoxon matched-pairs, signed-ranks tests on adjacent means 
ated that each mean differed from its neighbor: АААА vs. 
jtd = 26,2 = 3.50, p = .0002; AABB vs. ABCD, N = 28, 
Теса] $ ЭД P = .0322. Thus, variety exerted а significant effect upon 
- In order to test for saturation effect, the relative size of the 


2- 


ESI 
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differences between adjacent means was assessed with the Wilcoxon 
test. Although the AAAA vs. AABB effect appeared greater than the 
AABB vs. ABCD effect, the difference was not significant (N e і 
z = 1.51, p > .05). Thus, a reliable saturation effect was not eviden 
in these data. 


Discussion 

The present results offer confirmation of the Bevan, pu 
and Avant findings previously reported, in that variety was shn” 
to enhance recall. In addition, since the effect was obtained ын 
tween three increasing levels of variety in a within-Ss desig?» 
they lend further support to the notion ‘that the effect is not due 
solely to a general enhancement of attentiveness in the conditions 
with greater variety. Whether or not the effect is due to te 
increased number of associations available to the more n 
stimuli remains to be scen. One could equally well argue Ын 
responsiveness to the duplicated stimuli is somehow inhibit? 
due to the operation of a pooling process such as is hypothesize 
by adaption-level theory. Further research in which the relat 
roles of variation in contextual and focal stimuli are 88868827 
and in which the association value of stimuli presented is manip, 
ulated, should help to explain the phenomenon. Finally, a 
should be noted that since the present study did not indicate ' 
saturation point for variety, further research should be perform? 


: p. 
to determine the limits of this effect, especially in the with! 
Ss design. 


Georgia State College Water Е. Daves 
Many ADKIN? 


id 
? Harry Helson, Adaptation L System 


evel The Ч expert tal and 
Approach to Behavior, 1964. ‘ teles AN Барантетн 


A REPORT ON MYERS’ NEW 
AUTOKINETIC PHENOMENON 


In 1959 Myers reported a new autokinetic phenomenon." 


out of 10 of his Ss reported that a thin luminous line appe? 
to break up into dots and dashes when viewed in ® 


141 
1R. D. Myers, A new autokinetic illusion, this JOURNAL, 72, 1959, 140- 
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room. In addition, six Ss observed "irregular movement, drift, 
or flow" among the dots and dashes? The target was а 35-in. 
wooden dowel (0.5 in. in diameter), painted longitudinally on 
one half of the surface with green luminous paint. This dowel 
could be rotated on its longitudinal axis, presenting less and less 
at the luminous paint, until just а thin, horizontal line was 
visible to S. Due to the unique aspects of this target (narrow 
Width and luminous source), there was some question in the mind 
of the present investigator as to the reliability of the phenomenon. 
Luminous paint that is charged by а light-source shows some 
Variability in rate of decay. This sometimes results in scintillation 
of the luminous object. In view of this factor, the present study 
replicated the phenomenon with a more conventional stimulus 
source and tested the effect of target width. 


METHOD 


Procedure. A preliminary study indicated that the phenomenon did occur 
When a luminous target similar to Myers! was used. A more conventional tar- 
Set was then constructed, which cons d of an aperture covered with trans- 
lucent paper (draftsman's tracing paper). Behind and below this aperture was 
а tubular filament light (Westinghouse Lumline, 60 w.) of adjustable bright- 
Dess, The width and length of the aperture could be adjusted between trials 
by E. The effect of target width on S's report of the phenomenon wae tested 
1 this manner: The target was presented horizontally at eye level, 10 ft. from 
8, and was kept at a sing ant brightness. Target widths of 6 in., % in, X, in, 
75 in. 15 in, and 5% in. were presented to each S in cither ascending (increas- 
Ing width) or descending (decreasing width) series using the method of limits. 
is enter of the target and to report what 


ӨЗ were instructed to fixate on the ¢ 
ey saw, 
RESULTS 

ог the 44 Ss, 14 Ss (32%) reported segmentation of the target. 
«уреа! descriptions included: “Tt looks like Morse code and 
ы Seems to be separated into small segments." Again of е 
: Ss, 30 Ss (68%) reported dots or “specks” flowing within the 
The Nine of the Ss (20%) reported both segmentation "vd "ee 
"is reports of dots or segmentation fell off rapidly with ipn 
1 Set width. No reports of either were made at widths mann 
My "- and only two reports were made at 1/2 m. put o 
or ers’ report, 30 Ss (73%) also reported normal auto inesis 
еһе, up-down, and bending movement of the entire line; 


2 M x: 
Yers, op. cit., 140. 
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Myers indicated that none of his Ss reported normal autokinesls 
if the new phenomenon was reported. 


SUMMARY 


It thus appears that the phenomenon reported by Myers сап be 
replicated and is not merely a function of the luminous target. 
Not only is the phenomenon reported with a target produced by 
incandescent illumination, but target width affects the phenomenon. 
A review of autokinetic literature indieates no adequate explana- 
tion. The practical significance of the phenomenon is questiona le, 
however, since it evidently had gone unnoticed until Myers’ герої” 


Berea College J. F. WHITE 


C. LLOYD MORGAN AND THE THEORY OF 
INSTRUMENTAL LEARNING 


About 75 years ago, the English psychologist C. Lloyd могойг 
began to study what he then called “trial and error" lear 
and what we today сай "instrumental" learning.’ His subJ€^" 
were domestic animals—chicks and dogs. Morgan was an ше 
tionist and certainly not inclined, as he put it, to set ® е 
between the minds of animals and men, but he was tired of y 
exaggerations of the anecdotalists, who, in their determine 
efforts to prove Darwin’s theory, seemed to have lost all sens? . 
proportion. It was clear to Morgan that the time for 806000 e. 
had passed and that the time for experimental analysis had шиг” 
To explain the changes in behavior which he observed, Mow 
assumed that his animals learned, by a process of association: Б 
anticipate the consequences of their actions and that they 688 
behaved in accordance with the pleasantness or unpleasant? e 
of those anticipated consequences, Morgan’s conception of 1° 
mental learning is strikingly similar to our own and worth di 
ining in some detail. " 

iv 
* This paper was prepared for a symposium on the history of pe arti ! 


psychology at the 1967 meetings of the Ameri Psychological Asso” 
1 С. L. Morgan, Introduction to Comparative Psychology, 1804, 1-382- 
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Reproduced in Fig. 1 is a diagram drawn by Morgan in 1894 
to show how the general tendency of newly-hatched chicks to 
Deck at small objects is modified by experience? To begin with, 
Morgan observed, the chick pecks indiscriminately at a variety 
9t objects, some edible (which it swallows), others inedible (which 
it rejects). As time goes on, the chick pecks at the edible objects 
More and more readily, pecks at the inedible objects less and 
less readily, and in the end avoids the inedible objects altogether. 
The 1 in the diagram represents a visual stimulus from a given 
object which reflexively elicits pecking via a built-in, lower-lying 
pathway, M.R. represents the pecking response. The visual stim- 
ulus also activates a higher visual center, which is labeled V. 
The 2 in the diagram stands for kinesthetic feedback from the 
Pecking response, which activates а cerebral center for kinesthesis, 
labeled M ; and 8 stands for a gustatory stimulus from the pecked 
object, which activates a cerebral center for taste, labeled Т. 

he contiguous activation of these three cerebral centers produces 
ын which are indicated in the diagram 
Y appropriate lines. As the new connections are strengthened by 
repetition, the visual stimulus alone comes to activate the kines- 

etic center and the taste center, i.c. upon seeing the object, 
€ animal remembers the movement and the taste. 

Now there is the problem of how these memories—or the con- 
Rections that mediate them—affect the behavior of the animal, 
cause it is change in behavior which the theory purports to 
explain, Guthrie later could say of Tolman that he left the 
animal “buried in thought, ? but the same criticism cannot be 
Made of Morgan. In the early stages of instrumental learning, 
ОГ ап assumed, behavior is regulated by cerebral control 
ters, The control center for pecking, labeled C.C. in the dia- 
Sram, is aroused to begin with by the kinesthetic center for 
vee via a built-in connection. The control center is ia 
Path the lower-lying motor centers for pecking by a descen m 
u Way, labeled P.T. (which stands for pyramidal tract). | 

nction of the control center is to facilitate or to inhibit pecking, 
rey Which of these opposed effects it has will depend upon 2 
eg mE hedonic tone. If the remembered taste 18 PSI bs 
inhibin” Will be facilitated; if it is unpleasant, pecking will be 

ited. In the early stages of learning, then, the control center 
` Mor 


зр Бал, op. cit., 183. 
.R. Guthrie, The Psychology of Learning, 1935, 172. 
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M.R. 


(TROL 
Fic. 1. Morcax’s EXPLANATION or тив DEvELoPMENT or Скнквим, CON 
Over THE PeckING RESPONSE ОР THE CHICK А 
(1, visual stimulu ; 2, kinesthetic feedback from pecking; 3, ae 
stimulus; M.R., pecking response; V, Т, and M, cerebral centers ine 
taste, and kinesthesis; C.C., cerebral control center for the pec 
response; P.T, pyramidal tract.) 


ory 
jon» 


e юм 

5 
sider what happens in the шар” 
1 a pleasant-tasting object. шт ó 
pecking, the lower-lying visual and | h 
activated with each presentation O io 
object. Their contiguous activation strengthens the pane 
between them, which becomes strong enough eventually to by! 
the cerebral control mechanism altogether. 

The pecking example is a rat 
it involves a preexisting res 
strengthened or weakened by 
fectly general. It will also ex 


plays a rather important role, but after a time its rol 
become much less important. Con 
of extensive experience уу! 
control center facilitates 
centers are contiguously 


her special one, of course, p-— 
Ponse tendency which is 5! рег” 
experience, but the theory 18 Р”, 


К, 
plain how a dog learns to 68 
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дини bF lifting a latch, another instance of in- 
яв ci, studied by Morgan. In the latch example, no 
lifting эс hor nce between the sight of the latch and the 
lere amt ge be assumed. According to Morgan's theory. 
in the met e: besser reason—an animal makes a response 
ае. Same б E stimulus, 5,, and that response produces 
ленно аса Se the cerebral centers for S, 85, and the 
ASi gott ср from the response are contiguously activated. 
рне mee contiguous activity, the three centers become 
ТЫ tie к = it therefore becomes possible for S, alone to 
За хилс - 5 К: 5» and the control center for the response. 
Bending upon m er then activates or inhibits the response, de- 
мөн io os я incentive value of Ss. When & is pleasant, the 
gradually devel cach time it is presented, and a new connection 
centers a Эй ops between the lower-lying sensory and motor 
nection y ub. there was none to begin with. The new S-R con- 
mediating B = strength, and eventually it becomes = dag 
igher eti san eco yig а ii Нүх» 

quences of nim % 8 anticipation and eva 5 
bus espanse play no part. : —! 
1894? Tn Pon eR... to find such a theory in the eue АД 
а оа respects, certainly, the theory " primitive, bu 
leorics no less primitive commg today out of eastern 


"uro 1 Я 1 
Pe, where instrumental learning is being rediscovered. Our 
ated, of course, and it has а 


Own thinking 4 
hinking is much more sophistic 
Jamental ideas about 


Vast] : 
i. broader empirical base, but our fund 
"mental 1а the same as Morgan’s. Like Mor- 


Бап, we di arning are much mee 
Ban distinguish between learning and performance. Like Mor- 
dition for learning 


ike Е- accept contiguity as а sufficient con r "s 
Conse оч we assume that animals learn to anticipate 5 
ae ences of their actions and that their anticipations guide 
actions. All these ideas seem quite reasonable to us today. 
E шалан, trained in associationism and in biology, 
a — "d with the behavior of his animals in terms of fune y^ 
Ost 168: derived from human experience, but inn E e 
im Parsimonious employment of those categories, it is diffe 
.Magine how he could have arrived at any other interpretation. 
Sump principle was that of his contemporaries, and the 
into Ption on which he depended for the translation of зо 
a ee assumption of preexisting connections be- 
he proprioceptive centers for skeletal responses and the 


Out 
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motor centers for those responses—was in the air of the time. 
One finds it, for example, in James.* 

In my opinion, Thorndike's interpretation of instrumental learn- 
ing was much the more inventive? Thorndike took his experi- 
mental procedures directly from Morgan, and his basie findings 
were the same, but his interpretation of those findings was boldly 
original. It is not difficult to understand that Thorndike’s S-R 
reinforcement principle should have aroused so much interest 01 
that so much effort should have been devoted to an examination 
of its possibilities and implications, What is surprising 18 only 
that it should have taken us so long to become aware of the 
limitations of the principle and that so much hostility to the 
earlier view should have been engendered in the process. The 
learning-performance distinction was not generally accepted. эс 
40 years. It was Tolman who showed the need for the distinction) 
and it was Hull whose acceptance of the distinction gave P 
scientific. respectability,? although neither Tolman nor Hull Уй? 
much concerned with the ange 
lated into action. Hull continued, of course, to cling to the ге” 
forcement principle, whose main formal advantage once had шилэн 
to lie in the fact that it required no supplementary activating 
mechanism. In the next 15 or 20 years, the reinforcement principle 
was eroded slowly but inexorably, and expectaney (in a variety 
of linguistie guises) came gradually to the fore. | А 

The extent of the change in our thinking between Hull’s day 
and the present may be difficult to appreciate for two марай 
One is that the change has been so gradual. The second is that 
because formal learning theory has fallen into disrepute, We hav 
no really adequate statement of the assumptions prevailing today, 
If we had such a statement, its difference from Hull’s stateme? 
of 1941, and its similarity to Morgan’s statement of 1894, WOY 
be at once apparent. With some anatomical updating, and 2 Jl 
changes in vocabulary, Morgan’s statement would, in fact, ¥° 
represent the modal view of the present. The story of our Wo 


mechanisms by which learning is tr 


k 


*See G. A. Kimble (Foundati itioni та, 1967, 187” 
153) for an analysis of Tames: oe ttenditioning and Learning, 19 


E. L. Thorndike, Animal іе attempt at а learning model; the 


ium 


ler, in M са 


By 
Өг - R. Jones (ed.), Nebraska Symp? 
on Motivation, 1963, 94-96; F. D. 6 s Ah Class 
Conditioning, 1965, 316-321. Sheffield, in W. F. Prokasky (ed.); 


NOTES AND DISCUSSION 131 


on t е 
aa эр ` instrumental learning in the years since Morgan 
unsuccessful p esi rae as a systematic and determined but 
vie. Y do ne to find an acceptable alternative to Morgan’s 
nothing in those ШАП to imply, of course, that we have done 
thing to eei petes return to our starting point. It is one 
first stages of “Өр sone eae Чэн х үлэг of a phenomenon in the 
interpretation E estigation, and quite another to return to that 
and rejection cip experiments later, after earnest examination 
that we have 5 variety of alternatives. Nor do I mean to imply 
direction, nowhere else to go. Let me point out, briefly, one new 
Until t 
iste 2 time, the main subjects of our research on 
Which we ig have been the rat and a few other mammals, 
Seneral. It is th d to treat as representative of animals in 
a contiguity 5 3 ata for these animals that seem now to require 
owever, the ather than a reinforcement principle. In recent years, 
to yield dat , 5 study of still simpler animals has begun 
organ’s TI or which Hull's theory provides à better fit than 
More than : had to choose the one kind of experiment which 
ment writes ead other undermined our confidence in the reinforce- 
15 simple mue it would be the Crespi experiment.” Its procedure 
a simple hn groups of rats are trained in spaced trials to make 
ne group ae n response, one group with low reward and 
are shifted 5 1 з high reward; then half the low-reward animals 
Shifted to los high reward, and half the high-reward animals are 
ig. 9. fs f. reward. The Hullian prediction 18 illustrated in 
9f the two he first part of the experiment, the response latencies 
9r the hi нест should fall to different asymptotic levels, lower 
-unit) gh-reward (40-unit) animals than for the low-reward 
4 produces greater habit 


Strength b eng because high rewar 

Tewargq ( hes does low reward. With the shift from low to high 

Shoulq ü 0 units), the performance of the low-reward animals 

Bradualy "The gradually, because their habit strength increases 

h е no eR he shift from high to low reward (40-4 units) should 
ect on the performance of the 


Ccause thei : high-reward animals, 
*symptote eir habit strength has already reached the high-reward 


very different 


_ respi’ 
бо 8 results for the rat were, of course, 
ffects—the so- 


lese, 
- Both groups showed sharp contrast e 
White pa; Crespi i | 
? rat, л Quantitative variation of incentive and performance in the 
OURNAL, 55, 1942, 467-517. 
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I0UNT OF REWARD ied. 
l were 4 and 40 units, The curves 885) 
effects on latency of change in amount. 


called elation and depre 
animals were reacting er 
reward. But how 
in amount if the 
the basis of Cres 
habit 


р п 

y had no memory of the previous a 
Dis results, Hull abandoned the assumption "e 
nt of reward.!? High-rew g- 
Pidly than low-reward animals, ame 
Nave greater habit strength, but ge 
igher reward. Hull did not give up the deb 
forcement principle altogether; in the final version of his ын 
reward still was necessary for learning, although the meg re- 
learning was assumed to þe independent of the amount 0 3 
ward. That position was an awkward one, however, and * ie 
years after Hull's death, Spenee went over entirely to 8 
tiguity interpretation of instrumenta] learning! гай 

The data of Fig. 2 come, not from an experiment with the 

1° Hull, A Behavior System, 1952, 1-372. 


11 К. W. Spence, Behavior Theory and Conditioning, 1956, 1-262. 
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but fr — З 
the мэ experiment with the goldfish:? Unlike the data for 
redie on y o in every respect to the original Hullian 
нинен "eS are we to make of them? One possibility is that 
and rat, that “зөрөх processes of learning are different in fish 
contiguity princi tle principle holds for the fish and the 
unlikely. ө for the rat. This possibility seems to me rather 
holds Tor koh E possibility is that the reinforcement principle 
that its жаш т A the rat as well as for the fish—but 
which have эрээ the rat is masked by expectational processes 
which I gm 5 m appeared in the fish. This possibility 1s one 
DOW is in the 2. ined to take quite seriously. Morgan's theory 
may not y ascendance, but the last word of Hull and Thorndike 
yet have been heard. 


Bryn Mawr 
Iawr College M. E. BITTERMAN 


12 


12 Gillian А 
Scie n Lowes and M. E. Bitterman, Reward and learning in the goldfish, 


тсе, 157, 1967, 455-457. 


A TW 
USING Wo; CHAMBER HURDLE APPARATUS FOR 
ODORANTS IN AQUATIC ANIMAL-TRAINING 


arious schedules 


The 
apparatus described herein lends itself to v 
designed to 


Operan Dre : 
Permit t conditioning. While it was specifically 
also per ay of using odorants as the ®, it 
i ant responses than the usual 


arrier- 
Wa um hurdle box. The training tank described consists of а 
“amber i VS ru E chamber 40 x 12 X 20 in. This 
in. higt divided into two compartments by а vertieal divider 
gh. At the top of the divider is а plexiglass 'rocker 


Platfo 

rm’ whi ? 

Motor е is 18 x 12 x 4 in. and is driven by an electric 
the perior SS50-P2-RC) mounted on the outside wall of 


Cham ) 
ber. The motor is controlled by two sets of photoelectric 


* 
the Received | 
Жы, ectronio от publication August 19, 1968. The design and 
N mponents of the apparatus reported were by Dr. Norman T. 
Medical Branch, 


n " ient w 
a more conveniet ү 
mit otter re i 

sb er solution of oper 


= construction of 

Wea Dire 1 

M i n, s Medical Electronics, University of Texas 

Чопа al Research The project was supported in part by а grant from the 

they Brants Бэр Foundation of Texas and in part by funds from institu- 

ational tease the National Science Foundation, SF-GU-484-CO-3, and 
titutes of Health, ISO1-FR-05427 (06). 
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; zall of 
relay cells (Sigma Instruments SRCO2A) mounted ч di is 
the chamber, 4 in. on either side of the divider. Eac! оа 
connected to a cumulative recorder which а es relay. 
recording of each response on actuation of the photoe маичи и 
The chambers contain copper wire-mesh grids MO сап. ba 
180 sq. in. each) on each side of the tank. Each - хүний 
drained separately, manually or automatically with. is requires 
solenoids. The drain holes are 6 in. in diameter. Draining level. 
approximately 7 sec. when the tank is filled to the ipta 
Water in each compartment is continuously agitated by а "The 
rotor located on the floor of the chamber near the харааг" 
rotor is encased in a plastic cage and rotates at ап ыр 
speed of approximately 200 rpm. Each chamber 15 2 рын 
with an elevated drain Pipe (stand pipe) which prohibi cxiglass 
flowing. Each chamber may also be fitted with a false plex 
bottom in order to decrease the fishes’ hurdle-response S eye 

As shown in Fig. 1, the rocker platform, constructed ын ший 
bars, is mounted on top of the divider and has two a t; 
positions. When the fish swims into the rocker platform, ed tform 
the photoelectric beam which activates a relay and the pia the 
the water and transferring it p 
other compartment. The rocker platform remains in this gare 
position until the fish enters a second photoelectric beam 4 de- 
i ilting the rocker platform an time 
first compartment. There 18:8 ives 
delay mechanism in series with the photoelectric cells which 5 " 
out of the rocker platform befor 


is flipped back into the other compartment. 


The apparatus, as describ 
usual barrier-type hurdle 4 
Because of its two-ch 
flushed out after each + 
more, because the fish 
is more topological definition in Te 
laboratory, the apparat 
in avoidance conditioni 
could be built to aceo 
apparatus, as described 


B po 
well. Finally, we miht s ej 
the recent findings by Garcia and his co-workers that gus 


OTES AND DISC 


= AQUATIC 


“L 2: IN 
А Two-Cuamoer HURDLE APPARATUS FOR Паша — 
ANiMaL-TRAINING, Tor AND SIDE VIE 
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CSs do not become associated with noxious events in a manner 
typical of the classical paradigm!— findings which further indicate 
that taste stimuli readily become associated with ‘internal’ events 
and are not readily associated with ‘external’ events. Garcia and 
his co-workers, as well as most other investigators, have used 
Pavlovian paradigms. It would seem timely, and of great interest, 
to investigate the manner in which odorants operate in instru- 
mental situations. The present paper provides an apparatus suitable 
for this purpose. 


University of Texas Medical Branch, R. G. BENTON 
Galveston, Texas Р. Maxcy, ЈЕ. 


В. ROBERTSON 
D. A. БалАРргоРОВТ 


а, №. A. Buchwald, C. D. Hull, and R. A. Koclling, Adaptive ae 
sponses to ionizing radiation, Bol. Inst. Estud. med, Biol. Мех, 22, 1964, 1 F 
113; J. Garcia, N. А. Buchwald, B. H. Feder, R. A. Koelling, and L. ы 
Tedron, Ionizing radiation as a perceptual and aversive stimulus: I, Instr" 
mental conditioning studies, in T. J. Haley and R. S. Snyder (eds.), Respons 


of the Nervous System to Ionizi EU and yder d gat 
1964, 673-686. zing Radiation, 2nd International Sym} 


1J. Garcia, N. 


A PROCEDURAL NOTE ON THE SIMULTANEOUS 
USE OF ELECTRICAL BRAIN STIMULATION AND 
GRID-DELIVERED SHOCK 


In recent years, electrical stimulation of the brain (ESB) and 
eines electric shock have been used together in a numbe! 
of experimental arrangements. Typical of these procedures has 
been the worl of Brady and Conrad, Mogenson and Morriso”? 
and Mogenson. While the experimental abjectives may vary: the 
standard grid-shock apparatus generates an electrica] curre? 


* Received for publication June 24, 1 H as Ров 

‚ 1968. are ted was 
formed under Contract ПА-49-193-М D-2810 ines n d ‘the Surgeos 
General, United States Army, and th [s id 


ie University of Maryland. The uin ри“ 
mane care and use of animals,” December 15 oe principles for 
5 ds V. Prady and D.G. Conrad, Some effects of limbic system self 1 

on uon соп itioned suppression, J. comp. physiol. Psychol., 53, 1960, 1 
137; n W. репер and M. J. Morrison, Avoidance responses to cm 
НЫ ation of the brain, J. comp. physiol. Psychol., 55, 1962, 691-094 ; tion 

ogenson, Avoidance responses to rewarding brain stimulation: КР 
and extension, J. comp. physiol. Psychol., 58, 1964 465-467. 
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and unsystematically distributes it to pairs of floor grids in the 
experimental chamber. An often overlooked consequence of this 
arrangement is that even when shock is not being delivered, some 
of the grid elements are grounded. Therefore, when the animal is 
Situated on the grid while receiving ESB, the amount of current 
Being delivered may be somewhat altered since the animal is 
Simultaneously grounded. 

The solution to this problem involves the use of a double 
pils-doubie throw (D.P.D.T.) relay to disconnect both lines going 
сээр the shock generator to the scrambler (see Fig. 1) whenever 
eee is receiving ESB. It should be noted that it is not 

Acient to interrupt the 110-v. a.c. line to the shock generator. 
d тау not disconnect the ground to the shock grids and may 
me Ai sais а great deal of inaccuracy into the internal timing 

chanism which controls duration of the shock. 
to ee problem exists if the cranial electrodes are attached 

the brain-stimulation unit at the time of grid-shock delivery. 
Ф, Presence of current at the electrode tip during grid-shock 
$ ery has been repeatedly monitored on an oscilloscope in с» 
к, It was further noted in our investigations su на 
on шог of current at this cranial locus was largely depen en 
Unit iether the electrodes were in contact with the орача 
at t] at the time of grid-shock delivery. The presence of curren 
1 electrode tip may seriously alter the behavioral properties 
conditi grid shock. Brady and Conrad’s failure to demonstrate 
loned suppression of responding reinforced by ESB may 
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-Šek appar ATUS 
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Bg 1 EXPERIMENTAL CHAMBER 
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be related to effects induced at the elecirode tip by the grid 
shock.? Brady and Conrad also demonstrated that ESB-maintained 
response rate was accelerated following the delivery of grid shock, 
whereas food-reinforced responding was not. The accelerative 
effects of grid shock in the ESB case may also have been related to 
grid-shock effects at the electrode tip. : 

A solution to this problem consists of electrically disconnecting 
the electrodes from the brain-stimulation unit by an additional 
set of D.P.D.T. relay contacts. Because of the capacitor-like 
properties of long cables, the relay which breaks the connection 
should be located as close to the subject as possible (see Fig- 
1). A failure to locate the relay at this position may result 1n 
the same problem as if the relay were absent altogether. 


California State College, Los Angeles Hawk DAVIS 
University of Maryland Rocer W. MCINTIRE 
MELVIN KREITHEN 

T. A. McCuLLoUGH 


? Brady and Conrad, loc. cit. 
3 Brady and Conrad, loc. cit. 
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Edited by W. C. Н. Prentice, Wheaton College, 
Norton, Massachusetts 


a ternational Review of Research in Mental Retardation. Vol. 2. Edited by 
RMAN R. Erus. New York: Academic Press, 1968. Pp. хі, 366. $11.50. 


andi, аррсагансс of this series of international reviews reflects the interest 5 
major 18:48 of research on mental deficiency. In the last 10 years, sev era! 
cerned ooks have been published, and increasing numbers of аё eu 
пи Ta mental deficiency have appeared in several journals, E a va 
to subj 1e mental-deficiency literature sufficiently diversified, with wn 
point i= matter and to geographical origin, to warrant a review ээр d 
or'g 22 Seems justified, whether the reviews are organized M an ш 
Present sie or favorite approach (which seems to be the {еп к e 
Orma: Seen) or are approached in survey as do the various Annua — 
ex ide мин also has impressive credentials to edit this series. He has Эр 
Shorts experimental work, has formulated the theory of хаана i 

ook rm memory trace in the mentally defective, and is the яа 
It th Mental Deficiency: Psychological Theory and Research ( E i 
ave in = two volumes are typical, one might conclude that the jay 5 нэр 
ume ай нг) that the concern is with psychological research. The » ds 
Problem, ded many topics. The second volume seems to focus - масад 
While 8. Six of its 10 chapters discuss learning and two are nationa ¥ И , 
only two chapters deal with other topics. Even Herman Spitz—who has 


оп : 
® Most of his work in perception—has been pressed into the mold of 8. 


багш 5 : 

Л i : . . . 1 arnin 

ig 5 theorist. There is no indication whether a similar focus on learning 
eive special at- 


. 26 expected 1 м і г topics will гес 
tention, in future volumes or if other top n leaming and 


© be sure st ivity in the field today is i 
ig , most of the activity in the 

ету St be reflected in a review volume. It may, however, also be of real 
eto f the readers. 


bri ma Е 3 
Į ng less publicized topics to the attention о € 

ing qeraje Pening chapter, Denny есин the elicitation theory, тыа e 
Parent], - 3 of retardates, and describes an appartus for teaching concer és 
and ұру 29 ? result of insufficient data, the relationship between the the ced 
etter } Taining procedure is not clearly explained, and this chapter oy 
Нь а ‘ave been postponed until more data were available. The chapter Ч 
Эв the, Pitz contends that the forms which according to Gestalt, princip e 


and ^d ®asiest to perceive are also the easiest to learn. Problems of ша 
Шр сий symmetry are discussed. Spitz regards organization of T ry 
Pair = one of the major functions of CNS. In a population where CNS im- 
Sit, nt is frequent if not standard, the implications are far-reaching, because 
the ра Bests that organization of material prior to presentation will improve 
9 Prmance of the retardates. Rathe Karrer's chapter оп autonomic nerv- 


Syst = E : 
m functions is particularly timely because physiological functions 


139 
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have, largely, been neglected in the study of mental deficiency. а 
appreciable skill in succinctly summarizing the pertinent points о рене 
and іп organizing them so that trends become apparent. His isa go opi oe 
of what 8 review article can accomplish. Sheppe and Turrisi discuss henge 
response theory and discriminative learning. It would seem that а ed 
falls outside the scope of the series, since it is not research in menta m ана 
tion. The authors caution about making comparisons between normals ath 
retardates, while pointing to the general usefulness of becoming familiar vede 
discriminative learning problems. With such criteria for inclusion, the rev 
series could become shapeless, 1 

A review of research on learning sets and transfer of training by pee 
and Prehm is a conscientious summary of 47 articles Learning sets and ont 
fer of training are treated as completely separate. The authors complain hr 
significant variation in experimental methods makes direct comparison pers 
the studies difficult, It would, however, have been an advantage if the xod. 
terial could have been better integrated and the relevant trends discuss к 
Otherwise, the basis for a review is lacking and the reader has difficulty Ён 
orienting to such a compilation of findings. Sidman and Stoddard’s pe й 
programming perception and learning provides a very interesting accoun Hu 
how to determine the circle-ellipse difference threshold by nonverbal piget is 
is a history of the development of the authors’ own teaching programs aD ter 
illustrated by case historics rather than by data and statistics. The chap "i 
3 and seems to address itself to a differe 


^ the 
ave preferred a much shorter version dee 
development and more emphasis on results obtained to date. In her chi 


on programmed instruction techniques, Frances Greene has caught the ын 
ts is a competent piece of work, giving firs 5 
findings, following this with the at ae 
the major trends in the material, and concluding with some sensible an 
ments on future work. Greene has included material not yet published at 9 
time of her writing and some Projects which had just begun. In wee 
this, the article will soon be outdated, if it has not already become 80. 


. i uae 
fact, rather than detracting from the chapter, only indicates that the contin 
tion will soon have to be written, 


Ivar Bjgrgen’s chapter takes on the dis 
where no research exists. As he says, 
traditions or results that seem to w 


gian research in this field” (p. 241). Consistent with this, no list of se 
is included. It might have been kinder to leave the Norwegians alone 


h pe 
there was something to report. Lafon and Chabanier write about recent ! 


А А inin: 
search on mental deficiency in France. They describe philosophies and trtum 


ile 
whi! 
ere research has been conducted. 


У fee 
itat ànce is achieved, one is left with ed - 
ing of superficiality because of such sketchiness as “Constantinides has і " 
tigated the effect of hereditary factors 1 e 


tion" (p. 262). It would have been 
could gain meaningful familiarity wi 


h 
1 сэн parc 
couraging task of reviewing үнү 
E 
"thus far there have emerged PO Могу" 


arrant considering separately the (ied 
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not conform to those in other chapters.) Manny Sternlicht's chapter on psy- 
chotherapeutic procedures then covers 40 pages and 129 references. With some 
additions, it could well have been an independent publication. Sternlicht’s 
treatment is refreshingly judicious, and the material is well organized. The 
Question of adequate criteria for therapeutic success remains; the therapist’s 
statement can not be considered sufficient. But this is a standard problem 
with Psychotherapy. It is interesting to note that most of the work reported 
їй: this area Жан Boen dane be psychologists; few psychiatrists have been ac- 
tive. In this respect there seems to be a difference between France and the 
United States. 

Since 50 many people are involved in a series of reviews, it will take some 
time before the serics finds its final form. Ellis’ international review is well 
On its way. The idea of summary chapters from various foreign countries is 
а good one, but further thought should be given to their organization. The 
Present volume has 598 references, and although not all of them are directly 
related to mental deficiency, they do indicate that such research is sufficiently 
extensive and sufficiently productive to warrant a review series. Ellis is making 
а Significant contribution to the field with this work. 

Institute for Basic Research in Mental Retardation, Jous. CLAUSEN 
Staten Island, New York 


The ү 


7, ra ic 
оо} р of Perceptual Adaptation. Ву Invix Rock. New York: Basi 
ks, 


966. Pp. х, 289, 


4 The author's basic intent is to bring under the wings of a gener 
“Эв, Perception the effects and aftereffects of various kinds of tran: 

the Tetinal im »d by different sorts of lenses. 5 
efinos : " the writer declares himself в 


fore Watsonian thinker, Perceptual adaptation, in this [dm pc er 
tion eu Perceptual change that follow after the initial cae ee 
; "enerally, it is directed to an approximation to veridica ity, эссэ 5 

of the physical source of distortion. Behavioral reorganiz 


continuance 
yonsidered the primary factor within the process ы NS Р 
se €r some remarks on the history of distortion experiments, tei цалин 
: Suring the amount of adaptation are discussed. In the subsequent : er 
n dien 9f experimental inversion, reversal, tilting, displacement, ms n 
bros, d form distortion are mentioned. The description 18 pred In each 
tation of several experimental results obtained by the e: : ssion de- 
Senet items the reader will find a great deal of хух раа” DE 
x 4 Я : i stion 
inversion clarify the situation from the outset. A crucial que à 


е ; yision may 
b 9, reversal, and tilting, for instance, is how, in such cases, 


al theory of 
sformations 


A : Since he 
age optically imposc 


Perception as “how the world appears, 


i 5 m anism 
innate}, 10 dicate any change at all. Assuming that the en crs 
and "У Should be able to detect only changes in relative position, юэ 


: 3 a ew 
Visual poton Within the visual field, the absolute localization oS ана, 
howe e ot бай never be of а visual nature. Influences from M rn vision. 
Th т, аге Supposed by the author to be strictly incompatible 


е во]: я апі 
leven) lution of this puzzle fills the first third of the book геле паа апа 
Posti, „С Toots of the author's theory: It is not touch, sound, lized traces of 


Sensations, ес, that conflict with vision, but the visu 
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T ific ‘local 
all such activities "previously formed (by anne? pap риге. loca- 
signs’ in each modality . . ” and, as a consequence, “it ist Ч dn station хал” 
tion based on retinal local signs which must change for visua р ; e (related 
(р. 25). The author emphasizes an egocentric system of orienta ‘uprightness” 
to the sides of the head) which serves as a kind of anchor a tionis. From 
as well as ‘leftness’ or ‘rightness,’ especially in reduced-cue хэрмэл of vis- 
such considerations the author tends to support Charles Harris E 9 се: af 
ual adaptation, Ze. that it consists rather in a change of the fe t p become 
the head, the arms, and legs, the whole situation thus tending In connec- 
‘harmonious’ again despite the continuous wearing of the glasses. ibit am- 
tion with displacement experiments (by means of wedge prisms), 4 ын adie 
biguity of explanation is discussed. As a matter of fact, the apparent ns. The 
of the visual field (the median) becomes changed by wearing the eto the 
same is true for pointing with the hand. How should we срока ан 
adaptive change is visual ог proprioceptive? The reader will enjoy m 
tivity and subtility of the experiments presented to answer the шэг = fo 

The role of active vs. passive behavior for visual adaptation is anot Ser Лазу 
of interest. The concepts of reafference, exafference, efference copy, € author 
discharge, and others are introduced and explained. The result, as the annoi 
suspects (including adaptation effects under passive movements), | change 
rather a general principle of coincidence between movement and visu шагу 
—4 coincidence appearing to the author as more important than the ren the 
aspect of movement (ie. as self-produced vs. passive), In this connec sis on 
work of Held and his group is discussed. In connection with experime! ferre 
form distortion, the most important results and theoretical views are Te risms 
to and criticized, as are the adaptation to curvatures produced either by 2 the 
or by looking to curved lines, the effects of half-prism experiments, 98 
question of gaze-contingent stimulation. rat 

To sum up, Rock’s book, at the present stage of discussion, balenin ology: 
in the hands of specialists in perception than of students of general рѕус И 
For the first group, the survey of data on perceptual adaptation is p prom 
and almost up to date. The theoretical considerations of the author are 5 e 
lating, even if the reader refuses the Helmholtzian-like background © 


cus 


her 


t 
Я 16:18:80 
author's theory, Psychology students may become confused since it ! 
always easy to follow the author's reasoning. тн 
Institut fiir Psychologie, Universität Innsbruck Y. Кон 


The Discrimination Proc 


ford: 
ess and Development, By Brian J. FerLows. ОХ 
Pergamon Press, 1968. Pp. 


xii, 218. $10.00. ed. 
iseuss 
In a short and clearly-written book, four main topics are briefly dison im 
They include discrimination-learning theory, developmental factors in dis е^ 
ination learning, methods of teaching young children to discriminate ©" 1. 


5 2222 Я те. 
ently oriented forms (principally mirror images), and perceptual theories jcs 
vant to form discrimination, An 


yone wanting an introduction to these аф 
will find the book useful. The Strength of the book lies in its eclectic арР imi 
to providing information that might be useful in teaching children to diS me 
nate differently oriented forms. For example, theories of cognitive develoP™ he 
and techniques of programmed instruction are both discussed, AlthoUE 
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application o ИШЕТҮ" : 

of form k Se m n dic and experimental findings to the teaching 
Он: fo 222 К "er entirely convincing, there are enough plausible 
teaehihio children: with Ui attention of educational psychologists involved in 

ТӨ Бие MA See problems, particularly reversal readers. 
discrimination ас ета shortcomings particularly when the author talks about 
tremely simum Tenes The theories are discussed very superficially, and ex- 
ing for poor organi мэс treatments are discussed in spaced chapters, mak- 
the Тийн хэмж zal ibn. AIO: the author's conclusions about the nature of 
young children Їл Bs highly dubious. He seems to argue that animals and 
and adults nre мн in an associative, S-R fashion, whereas older children 
evidence that sae Е to. proceed “more thoughtfully.” There is considerable 
dren and pi in mes his conclusion about the manner in which young chil- 
Sional shifts ihe SED (eg. experiments on intradimensional and extradimen- 
deficiency) dun 9s erlearning reversal effect, and production vs. mediation 
Publication of Mig ine for the latter case, this evidence was available before 
dueted by Kurt е book. Also, when the author discusses ап experiment con- 
than as the 3 7 (pp. 25-27), he describes the subjects as young children rather 
this Nis ee ege students that they were and then contrasts the results of 
Furthermore. cepa other experiments which did involve young children. 
even though th IL of Kurtz's theoretical position is inaccurate. But 
а Supplementa s ook has several deficiencies, it would still seem useful as 
ment, or dis ary text in a course on learning in children, cognitive develop- 
crimination learning—except for its unreasonably high cost. 
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introduce letters to the child?’ "How can such devices as the telephone be 
used to best advantage?’ 

The Institute believes, according to Powledge, that a program of massive 
intervention of the kind they suggest cannot be accomplished within the 
framework of education as it is today. The book hints at various requirements 
(including changes in the bureaucratic structure, in teacher training, in student- 
teacher ratios) without providing any analysis oí an overall reconstruction. 
But perhaps this is the subject for another book. 
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The author, a social psychologist, has written a brief, lucid itraduetey Wed 
which takes a consistent, theoretical point of view, emphasizing those: Oe id 
of human behavior relevant to understending social relationships an елеп 
problems. All major areas of psychology are covered but particular Хо та 
is given to these three themes; mcn as an information processor, ma bulary 
motivated organism, and man in relation to sociol groups. Technical шее 
is kept to a minimum, and the technical terms used are defined in a 8 work 
for the convenience of the reader. The text provides a theoretical frame’ 
for the integration of supplementary materials. 
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This brief introductory psychology text presents all the essential informe tis 


in the simplest terms possible, concerning the basis of human behavior. The 
fusing terminology and laboratory descriptions are kept to a minimum. does 
book does not extend itself too deeply into experimental methods nor, in 
it gloss over resecrch necessities for the study of human behavior. It М a 
short, a very thoroughly balanced, flexible text. It focuses on relating нө 
functions of human behavior to the student himself and attempts to эр arn- 
the most frequently asked questions of the curious student. Principles of idi 
ing have been used in the preparation of the text in that repetition, guo a 
lion, and reinforcement have been used in organization and phrasing- 


о ding 
tains a Glossary, Questions for Study, and Suggestions for Related Rec ! 
at the ends of the chapters. 
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greater concern with the evaluation of human effectiveness and related 155 уе! 
The author develops the key issues in the field of adjustment as they аў re- 
historically and in an eclectic fashion, and he covers the theoretical an cticr 
search approaches to these issues. Richard Lazarus presents an ecle 
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stimulating and challenging text to help the student understand his own Р” 
lems by making him face the reality of his times. 
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ORIGINATES AND RATE OF RESPONSE 
N ASSOCIATION AS A FUNCTION OF 
ASSOCIATIVE GRADIENT 


B 
у PAUL y. Orczax and Martin F. KAPLAN, 
Northern Illinois University 


The r : 
Study Яана € has suggested several approaches to the 
orming of uà ity. One approach defines original thinking as the 
Specified re а elements into new combinations which meet 
е more не, напаі” The more mutually remote the elements, 
alized in the Aa the solution. This definition has been operation- 
Purports to m orm of a test, the Remote Associates Test, which 
Original OS the ability to form new associations into highly 
hat шн, The test orders individuals along а dimension 
lerarchies ny, the “steepness” or “flatness” of their associative 
Probabilities "lat" associative hierarchies are those in which the 
s ively on evocation of a large number of associates are rel- 
tes are extrem сн. hierarchies are those in which a few associ- 
ч у ойноду ms Highly original individuals are presum- 
Present, a lack c ders associative hierarchies, as steep hierarchies 
On the other 5 originality. 
nes beo i another recent an 
E 18 relevant м as behavior which occurs re 
8 Matively зэв О given conditions. Thus, an as 
бу red origin wy i.e. of low associative stre 
m ining lens By this logie, it is conceivable 
ul Ressived parate elements as required by the Remo 
б 8 ао par January 13, 1969. Mr. Lester Knapp assisted in in- 
LEA Met Me Danie ААН a poca Pdl e 
эр їч, 232, * ive basis of the creative process, sychor. 2 
t: 5 + 
zman, On the training of originality, Psychol. Rev., 67, 1 
157 


d associative interpretation 
latively infrequently 
sociation which is 
ngth, may be con- 
that the task of 
te Associates 


960, 229-242. 
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Test calls for responses of low associative strength to a aie nos 
ulus. The present study was an exploration of several aspects 01 * 

ossibility. : 
4 Garskof, Shapiro, and Brandstadter have found that unde 
association yields associative-hierarchy data similar to RUNS it 
tained in conventional associative-frequency data.* Mednick, Л уй 
nick, and Jung have found that individuals with high scores ан oe 
Remote Associates Test showed a greater quantity of continue эн 
sociations than low scorers.> Their study also showed eel эх 
quently occurring words elicited more responses than words pee 
frequency, flat-hierarchy words elicited more responses than § ad- 
hierarchy words (sce below), and nouns more responses than. h 
jectives. This suggested that a continued-association task be. А 
be а useful idiographic approach to word-association data ан ыг 
present study. One easily obtainable measure of associative mares 
would be associative reaction time.? It would be expected proh E 
sociations low in the hierarchy would require longer latencies T 
their relative inaccessibility. Further, flat associative hierar¢ нен 
should Бе characterized by longer latencies due to inherent ig re 
competition. The first hypothesis, therefore, was that if high OF 
on the Remote Associates Test possess flatter hierarchies, ci- 
should evidence initially longer reaction times in continued qe 
ation than low Scorers, who presumably possess fewer but p^ 
dominant associations. As continued association progresses and ай 
scorers exhaust their more dominant responses, response are nt 
tion should increase and latencies for these later trials should 
proach those of high scorers. t hi- 

As it is possible to characterize individuals as having fla uli. 
erarchies or steep hierarchies, it is possible to so characterize sti? 18” 
Stimuli which elicit one dominant association and many pa ue 
tions of low response strength may themselves be considered to p 
Steep associative hierarchies, while those which do not elicit jv 
given dominant response may be considered to have flat assoc! ily 
hierarchies.” The second hypothesis, therefore, was that the initi 

* B. E. Garskof, Relation between sin 


sociation response hierarchies, Psychol, 
E. B. Shapiro, and J. Brandstadter, Ord. 


as a predictor of individual free recall Psychon. Sci., 1, 1967, 209-210. . gg? 
i 5М.Т. а A. Mednick, and Ой С, Vans. Continual associati, 800 
unction of level of creativity and type of b. imulus, J. abn 
Psychol., 69. 1964, 511-515. ура о ыра, stimulu яар 
6R. Wallenhorsts Some zelations between reaction time and choice 
sponse in word association, Psychol. Re - 17, 1965, 619-626. 
т Mednick, Mednick, and Jung, loc. cit 


sued 28 
gle word association and contin cof, 
Rep., 16, 1965, 307-309; B. E. Оо цор 
er of emission in continued 885 


{те 
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greater response competition reflected in flat-hierarchy words 
should result in initially greater reaction time than steep-hierarchy 
Words, differences between the words decreasing as the few dom- 
mant responses to the steep-hierarchy words are exhausted in con- 
tinued association. In an attempt at generality, both hypotheses 
Were tested using both word-association and Thematic Аррегеер- 
tion Test (TAT) stimuli, the latter representing 2 more complex 
associative task. 


METHOD 


E = The Ss were chosen from 300 women enrolled in an introductory 
the О ogy course, all of whom had been given the Remote Associates тыг 
Were ees of their scores being one SD above or below the sample mean, 25 Ss 
u), chosen as High Scorers (score > 20) and 25 Ss as Low Scorers (score < 


ые Word-association stimuli were selected from the Rataro, ar 
Steep į пешин! There were 20 words selected; all were nouns, 10 Үй” ын 
in Кө DR strength (steep-hicrarchy, or steep-slope, words) ын om 
ih ide strength (flat-hierarchy, or flat-slope, words) following 2 i Е 
equated f. and Jung's definitions of word slope? The two sets of words were 
ку" ог Thorndike-Lorge frequency.?° | шини 
“Унаа, slope of TAT stimuli was determined by SIME o ялын 
cards) Cards of steep associative slope (steep-hierarchy, or aoe ES 
Saher a defined as those in which the most dominant theme ogni ies 
uu dn 35% frequency in the responses of the normative шар rides 
at asso 20% greater frequency than the next most popular pev р ны 
Or whi ees slope (flat-hierarchy, or flat-slope, cards) were b В ня 
е ке no theme appeared with greater than 34% frequency an a oe 
this most dominant themes were within 20% frequency of one another. 


beg Cards 3-GF and 12-F were considered flat-slope cards and Cards 13- 
9 were consid 

i cred steep-slope cards. . Эс 
of is association. Ss were asked to respond in continued association to each 


| T i . . nel 5 ized, 
With he Stimulus words, the order of which was indiv idually randomi € 


trees, cquetarchy words were baby, cheese, people, омы, butter oier 
ma bh emory, doctor; steep-hierarchy Tors T dd, Me dnick, and 
C. = 


the, J 
10 
f 80,000 Words, 


u 
oss D. E sychol., 17, 
эш, 360-эд О» Responses of women to the TAT, J. consult. Payoh oles 
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Thermatic Apperception Test. Following the word-association task, Е er 
tered the room with S and gave these instructions: 


I will present you with а picture to which you will tell six different stor 
stories should be only a few sentences long, telling who the characters & = 
what they are doing. Do not just describe the picture, but try to tell a soe 
When you receive a picture, press the key down. Keep the key down y ВЭ 
you are thinking of a story. Release the key when you begin telling the $ mU 
When you end that story, again press the key down as you think of your Do 
story. In general, when you are thinking of a story, the key is down; when y 
are telling a story, the key is up. Try to give a different story each ume b 
not worry about counting the number of stories you have given. You W! 
notified when you have given six stories. ? 


А Hunter Klock Kounter (Model 120-А, Series 1) was activated by со чий 
sion of the telegraph key, thus obtaining elapsed time. Themes were also 16 


in 
corded on tape; the tape recorder and timing mechanism were located 
an adjoining room. 


es. The 
re and 


RESULTS 


Fig. 1 presents mean reaction times for the two sets of words m 
each of the six trials for the two groups of Ss (High Scorers and Lo : 
Scorers). The data were analyzed by means of a2 x 2 X 6 repeat? Js 
measures analysis of variance design, with Ss nested under е 
of originality as measured by the Remote Associates Test." ын 
trials effect was significant (F = 49.36, df 5/240, p «€ 001), 88 : 
the Slope of Words x Trials interaction (F = 4.65, df 5/240, P e 
.01). Reaction times increased as trials progressed, and flat-sl0F 
words tended to evoke longer reaction times than steep-slope bart e 
on Trial 1, the differences between the words becoming песе! 
on succeeding trials. Trends approaching significance were note e 
flat-slope words to evoke longer reaction times than steep S10" 
words (Р = 3.12, df 1/48, р < 10) and for High Scorers to 10 
faster than Low Scorers (F = 3.38, df 1/48, p < .10). AT 

Fig. 2 shows the mean response latencies for the two sets of 1 we 
cards for each of the six trials for the two groups of Ss. The t 
ing effects were significant: trials (F — 11.85, df 5/230, P ^ dif- 
and slope of cards (F = 7.74, df 1/46, p < 01). The F ratio fO" ар 
ferences between High and Low бут was found to be 1688 хэй 
one. Again, reaction times generally increased as trials progres рд 
= flat-slope cards obtained shorter latencies than the steep- 
cards. гара! 
| Responses to the word-association task were scored for шанг 
ity by assigning each response the frequency of occurrence for the 
associate in the Palermo and Jenkins norms, so that the lower ef 


score, the more novel the response (see Fig. 3) 13 The follow!” 


s 37. 
12 В, J. Winer, Statistical Princi. 7 ; 5 , 319-3 
13 Palermo and Jenkins op ин in Experimental Design, 1962 
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0---0 HIGH SCORERS — STEEP SLOPE 
6-—-.8 HIGH SCORERS—FLAT SLOPE 
3,14 A— Low sconERS —STEEP SLOPE 


1-- A LOW SCORERS— FLAT SLOPE A 
2.9 
нэх: 2 ° 7 
° 
Оо 
Ф 2 
[бэ] 
B ©» 3 
<i 
2 2 ө 1 
Lu 
E 1.9 
- 
1,7 
148 
1.3 
1..1 
Г ооң з 4 5 8 
F TRIAL 
^ Wonn-Assocrarion Latenctes as A FUNCTION OF Scone ох REMOTE ÅS- 
SOCIATES TEST AND ASSOCIATIVE SLOPE OF Worps 
fects 


"i Aai d 

Slope Were significant: trials (F = 4.95, ај 5/240, р < 01) an 
beca, t Words (P = 17.10, df 1/48, p < 01). In general, respons 
attri, More original as trials progressed; this effect was el 
Ve Utable to the fact that the steep-slope words initially «эн d 

а рв responses, the differences between the two sets 

x Mg on subsequent trials as in Fig. 1. "T 
assi Ponses to the TAT were similarly scored for originality А 
Secu ne each of the six themes for each card the frequency © 
Tence of that theme in Eron’s norms, 80 that lower scores 10- 
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43.0 4 o—o HGHSCORERS—sTEEP SLOPE 
@—--@ HIGH SCORERS—FLAT SLOPE 

40.0 LOW SCORERS — STEEP SLOPE 
эн LOW SCORERS— FLAT SLOPE 


37.0 
^ 984.0 
o 
= 91.0 
© 28.0 
8 25.0 
ш 
L 28.0 
-1 
19.0 
16.0 
13.0 
10.0 


TRIAL 


Тхе? 
Fis. 2. TAT LATENCIES as a FUNCTION oF Score on Remorse ASSOCIATES 
AND Associative SLOPE or CARDS 


dicate greater infrequency or novelty of response. Themes ee 
scored by reference to Eron’s checklist, and reliability of ший”: 
was estimated by percentage of agreement between two judges ne 
196 themes sampled, the two judges agreed with the scoring 0 ы 
themes on 162, or 8375, of them. This reliability estimate comP™ 
favorably with estimates derived from other studies using 1007 10 A 
novelty scores.5 Fig. 4 presents the mean novelty scores for th? 


14 Eron, loc. cit. Т 


5 i : ТА 
35 M. F. Kaplan and L. D. Eron, Test sophistication and faking in Ui rich 


situation, J. proj. Tech., 29, 1965, 498-503; M. Kaplan, S. Simon, and R. 
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198 O———o HIGH SCORERS— STEEP SLOPE 
6-— 9 HIGH SCORERS—FLAT SLOPE 
А--3 LOW SCORERS— STEEP SLOPE 

182 А---А Low SCORERS—FLAT SLOPE 


166 
150 
134 
118 
102 


NOVELTY SCORES 
со 
D 


TRIAL 


Fig 
* 8. Worp-Assoctarion Noverty as А FUNCTION OF 


Scors ох REMOTE 
T 
IATIVE SLOPE OF Wors 


8 

“эв cards for each of the six trials for the two groups of p E 
Wing effects were significant: trials (E = m pr 

01), slope of cards (F = 317.11, df 1/46, P < 001), 


x 
i 

Pe of Cards х Trials interaction (F — 1033, df 5/230, Р < 01). 
Е as trials progresse an 


Associates Test AND ASSOC: 


» Tesponses became more original 


Re 
= - i TAT 
the cs lODh-sensitization as a variable in the observational learning of 

' Unpublished study, 1968. 
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there were no significant differences between High and Low Scor- 
ers. The steep-slope cards were responded to with more common 
themes throughout than the flat-slope cards, with differences di- 
minishing over trials. 


Discussion 


The finding of general interest is the fact that both latency and 
novelty, or uncommonality, of response increased as trials PIO" 
gressed. This is consistent with the concept that potential associa- 
tions to a stimulus form a hierarchy of associational strength, UD" 


50 


HIGH SCORERS — STEEP SLOPE 
7-9 HIGH SCORERS—FLAT SES 
46 А LOW SCORERS— STEEP 500 
= LOW SCORERS—FLAT SLOP 
42 
38 
34 
30 
26 
22 
18 
14 
10 
= -9- Ше. 
6 =, 4 
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NOVELTY SCORES 


TRIAL 


s Test 
E or Score on REMoTE ASSOCIATE 
AND ASSOCIATIVE SLOPE op Carps 


Fia. 4, TAT NovELTY as д Funcrion 
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Жи being responses with lower probabilities of 
ets Зөн | pparentig, as continued-association trials progress, and 
finding 2: ч нэн are emitted, reaction time increases. This 
suitable pports W allenhorst’s contention that reaction time is a 
sistent ak a of measuring response probability and is also con- 
that ог h the finding by Garskof, Shapiro, and Brandstadter 
of the 2 of emission in continued association is an index of slope 
zest еннет Шегагећу 20 The results of the present study sug- 
assess s] reaction time in continued association can also be used to 
tvé ts Peoi the associative hierarchy in a more complex associa- 
ative Le. the ТАТ. It was predicted that stimuli with nor- 
time rid different slopes would elicit different patterns of reaction 
Words х БОЛОР association. This prediction was supported when 
respons ее used as stimuli. Flat-slope words, due to initially high 
steep es competition, obtained longer latencies than did words with 
and th шэн. Le. with one dominant response. As trials progressed, 
slope ss eominant response was eliminated, competition in steep- 
two set, ords increased and renetion-time differences between the 
Сеарс E words decreased (sce Fig. 1). The results were not as 
чан when TAT cards were used as stimuli. Steep-slope cards 
аз Pic Y elicited longer reaction times than flat-slope cards, but 

& 2 shows, this difference occurred only on Trials 2-6, the 


reaction t; 
ur times being similar on Trial 1. Evidently the steep-slope 
“эрэ, than did the flat-slope 


Cards, ee more response competition ре 
That ye. ept on Trial 1, where a dominant response was present. 
Teaction time with stecp-slope TAT cards was not initially 
the am it was for steep-slope words, may be due to the fact 
atively d stimuli are more complex and ambiguous, ep > = 4 
SPonge кес responses are not free from a good deal 0 
Med ompetition. 
is tps ачы that creativity, ап impli 
Оро stin e Witli flat associative hierarchies.” | = 
Stimuli. ИШ elicited more original responses than did steep-slop 
Ti 5 this was true of both the word-association and TAT tasks. 
i ference between flat-slope and steep-slope stimuli was great- 
the AM earlier trials, diminishing as trials progressed. That 18, aS 
us 97е common, dominant responses in the steep-slope hierarchies 
the flat Pleted, responses became more normatively uncommon. For 
“slope stimuli, on the other hand, responses were initially un- 


d by implication originality, 
In general, flat- 


16 
Wan | 
“ме ШО, нь cit.; Garskof, Shapiro, and Brandstadter, loc. cit. 
. cit. 


Ick, loc 
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: itional 
common and remained so as trials progressed. Highly ed 
stimuli, therefore, were more likely to elicit original respo ний ээ" 
more likely do so on early trials, where the € inh Tt 
responses to less competitional stimuli were not yet pon or no 
should be noted that continued association resulted шп li, either 
increase in originality with either kind of flat-slope stimu а a 
cards or words. Therefore, the continued-association 2. ре ef- 
training for originality employed by Маша is likely 
fective only with Steep-slope stimuli. . to 

While slope of associative hierarchy for the stimuli was ipid 
be a significant factor in both reaction time and novelty of oun the 
associative slope for subjects was not, Except for the fast — 
High Scorers tended to respond faster than the Low m to 
association, no differences between the groups were found. atum 
the extent that the Remote Associates Test is a paure pes in 
sociative slope, the presence of typically “steep” or "flat : патна 
people is not analogous to differential slope of associations fo of hi- 
uli. These findings suggest that something other than slope rhaps 
erarchy is being measured by the Remote Associates Test. ын, ed- 
the most salient feature being tapped is extent of pont Scor- 
nick, Mednick, and Jung, for instance, have shown that HE 
ers possess more continued associations. This could accou! we 
observed differences in reaction time, but these Шинэлэг, r the 
limited to word association. Another plausible explanation Test js 
negative results encountered with the Remote Associates per- 
that in trying to assess a presumably general and цар Эн 
sonality trait such as Slope of associative hierarchy, a more d pos 
sample of behavior than the test affords is required. A ыг avin 
sibility is, perhaps, that people cannot be characterized as h t 
typically steep or flat associative hierarchies in a chronic шин Ар” 
that the slope of a given individual’s hierarchy depends on ausit 
ticular stimulus context; ie. that ‘slopeness’ is not an V pethe! 
cratic personality trait. Future study should determine W 


Cras jative 
individuals tend to evidence characteristic slopes of asso! 
strengths to varied stimuli. 


SUMMARY 


ЗЭР” a T АТ 
Reaction time and novelty of response to both words ап of 
cards as stimuli were studi 


j : ope 
ed as a function of normative 8 


18 Maltzman, loc. cit. 
19 Mednick, Mednick, and Jung, loc. cit. 
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the associative strength of generally elicited responses. Ss presum- 
ably high or low in steepness of associative slope as measured by 
the Remote Associates Test responded in continued associations to 
Words and TAT cards normatively possessing either “flat” or 
steep” associative slopes. In general, reaction time and novelty of 
response increased over trials. 
hae novelty of response was elicited by both types of flat-slope 
stimuli, and the difference between flat-slope and steep-slope stim- 
а Was greatest on the earlier trials, where the steep-slope stimuli 
elicited relatively common responses. For reaction time, a similar 
observation was made in the word-association task: flat-slope 
Words initially resulted in longer reaction times, but the difference 
etween flat-slope and steep-slope words decreased as trials pro- 
2 These results were seen as consistent with the notion that 
tition o time can serve as a measure of relative теа See 
and 0 associative slope. Further, the ordering of stimuli in г 5 
and mh associative slopes seemed justified by both reaction шаа 
Slope avelty data; and the equating of originality with associativi 
received some support. ol 
Vital 8 on the Remote Associates Test were not ee 
es able, and three possible conclusions were advance A ч 
885 red not measure a quality in people which is ana ogous t 
ee slope of stimuli. (2) Although 8 generalized, chronic 
he onality trait such as slope of associative hierarchy may exist, 
а тау not be a broad enough sample of төртөө БӘ. 
erson; (3) Slope of associative hierarchy may not bes dh 
Ver ality trait, ie. may not remain constant in a given individua 
Ver à variety of stimulus contexts but, rather, may vary with a 


Blven gt; 
Stimulus-person interaction. 


COGNITIVE PROCESSES IN 
DIFFERENTIAL GSR CONDITIONING: 
EFFECTS OF A MASKING TASK 


By Marcus J. Funrer and PAuL E. BAER, 
Baylor University College of Medicine 


A series of studies has demonstrated that acquisition of de 
entially conditioned GSRs by intelleetually capable human 88 
associated with verbalized recognition of the CS-UCS contingencies. 
In these studies, conditional GSR differentiation was acquired ын 
by Ss who could accurately verbalize the stimulus relations аш 
either intertrial verbal reports ог postconditioning interview? 
similar relationship between knowledge of stimulus relations m 
acquisition of classically conditioned responses has also been de 


y Е 1 ue 
onstrated by studies involving informative preparatory ia t 
tions: Verbal description of the stimulus contingencies pnl 
conditioning has been shown to facilitate acquisition of condit! 


ноп 0 
GSRs heart rate? and eye blinks. It follows that acquisition 


was 
* Received for publication July 26, 1968. The investigation reported MH 
supported in part by Public Health Service Grants MH 11939-01 ith pdu 
12908-01; the Social and Rehabilitation Service, Department of Hen "Tesi? 
сайоп and Welfare, Research and Training Center RT-4; and the, Med- 
Research Institute of Mental Sciences, The Baylor University College wan Yor 
icine Computer Science Program and the Common Research Compt author 
cility of the Texas Medical Center assisted in data analyses. The | Tes on an 
cee J. Fuhrer) is also at the Texas Institute for Rehabilitat? li 
esenrch, ba 
"— ат! 
1M. J. Fuhrer and Р, Е. Baer, Differential classical conditioning: Fuhe! 
zation of stimulus contingencies, Science, 150, 1965, 1479-1481; M, a differ” 
and Р. E. Baer, Effects of intertrial reports on cognitive and С hol. AS 
entiation of conditional stimuli, Proc. 74th Annu. Conv. Amer. Psy? ring dif 
Fen. зи. P. E. Baer and M. J. Fuhrer, Cognitive processes nmn Th 
m 17 ин and delayed conditioning of the GSR, J. exp. Psy 
25. УУ. Cook and В. E. Harris, Т} 
skin reflex, J. ezp. Psychol, 21, 1937 
айз relationships and physiological 
aiserimination, in J. Wort 
1962. 43-53. буйл 


ic 
alvan 

e verbal conditioning of the Fess of 
202-210; J. D. Block, Awan nom, 
generality of response in $U аі" 
nt Advances in Biological PSY j 


conditioning of heart Tate with шан i ira 
J. comp. physiol. Psychol, 58, 1964. 283 9g" «Е нави 0 нр 


* E. R. Hilgard, А. A. Campb Il TAE] discri 
tion: The effect of knowledge of [oM N. Sears, Conditione URNA 
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CRs should be i " 

à masking Уур жээ if the conditioning procedure is embedded in 
relations. "There — to interfere with recognition of stimulus 
expectation sinc м been relatively few tests of this clear-cut 
chiefly concer ae ailable studies using a masking task have been 
üoning5 but ned with extinction processes in eye-blink condi- 
Ross, Wileox a corroborative evidence has been reported by 
conditioning is - METER, who found that differential eye-blink 
Used as a p impaired when a time-estimation task is 
Dawson auiem procedure. With respect to GSR conditioning, 
ifferentiation jerk have reported an absence of conditional GSR 
ltioning and jn Ss who took a paper-and-pencil test, during con- 
ulus relations т 59 жые subsequently unable to describe the stim- 
25 masking егам Dawson and Grings note, however, that 
Widual CSs зан 1195 have interfered with perception of the in- 

The eben her than with perception of the CS-UCS relations. 
егеп д] ск the present study was to determine how 
ensures percepti conditioning is affected by & masking task which 
Procedure ... ion of the CSs. The task, a probability-learning 
he ition e to one used by Spence A group which had 
was БОШОП. ргосейиге embedded in the masking task (Group 
°onditioning азай with a group which underwent a conventional 
Futon (Group C). In both groups, 2 detailed 
Accurately q ing interview was used to ascertain which Ss could 
escribe the conditional stimulus relations. On the basis 


Previous findi 
i 5. M. санд “хийг 
ndings in this series of studies, it was expected that ac- 


Curate] 

У verbalizi : 

Ut th balizing Ss in Group C would differentially condition 
14 not. Because perception 


ati 
he eee verbalizing Ss wou 
d Would be 4 "o ipo in Group M, it was anticipated that some 
ould then be ^ e to verbalize the stimulus relations accurately. It 
t racy of a er nati whether similar relationships between ac- 
I and C alization and GSR conditioning would be found for 
groups. Because a CS-UCS interval of 8 sec. was used, 


1938 
of со 598-606; 
та ; W. 4 : 
gh ditio R. McAllister and D. E. McAllister, Effect of knowledge 
5, 1958, 579-583. 


: ‚ F e bli М 
oning oss, man Auman subjects, Psychol. Rev., 7 
1» 0, asking lus m 213 and Melanie J. Mayer, Simple eyelid condi- 
M ү; 2334... and its effect on differential conditioning, Psychon. 


ison of classical conditioning 


Mal | $ 
Te . еа 
арор У: Fane, d. tip. РАЙО, 10; 1968, 227-231. 

h nitive factors in the extinction of the conditioned eyelid 


relatio: 
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evidence for differential conditioning was assessed separately in three _ 


response intervals defined by the latency of the GSR.® 


METHOD 


Subjects, stimuli, and apparatus. College-age men recruited from the Uni- 
versity of Houston served as paid volunteers. There were 43 Ss in Group 
and 24 Ss in Group C. Exosomatic skin resistance апа GSRs were recorde 
monopolarly using a constant voltage (4 v.) system!? in conjunction with n 
Offner Type-R Dynograph. Basal resistance was measured in ohms an t " 
GSR in micromhos. The CSs were 8-sec. tones of 700 and 3400 eps. The kops 
had been psychophysically matched for loudness by another group of 58 y 
were clearly audible. The UCS was а 25-sec., 100 pulse/sec shock supplie 4 
an E & M stimulator and isolation unit applied to the left forefinger. li 
UCS onset was coincident with offset of the tone, the duration of all sum 
being controlled by Hunter timers. A panel located 48 in. in front of 8 Y^ 
tained two white lights, horizontally separated by 12 in. The lights were at 
eye level and could be separately actuated by E for a 1-sec. period. 

Procedure. 8 was seated in a sound-attenuated, semidarkened room 2 
to the instrumentation room. Punched masking tape was applied to the 
surface of the second phalange of the second finger of the right ha 
demarcate the active site. An Ag-AgCl electrode was coated with а gel 
13 isotonic with sweat and taped over the active site. The 10 x 8 СП 
ence electrode was coated with gel and taped to the ventral surface 0 
forearm. The UCS intensity was then adjusted to S's tolerance level. 

" 83 in Group M were told that the study was concerned with problem-$ y 
н the face of distraction. The task was described as one which require wnat 
ing whether a light on the left or right would be illuminated. S was to pis 


adjacent 
palmar 
п 

which 
refer" 
{ the 


olvin£ 


a tone in the earphones would be his signal to formulate his guess 9? pat 


confidence in the accuracy of his guess on an cight-point scale, and, also, 


several seconds after offset of the tone, Ё would say “guess” over the int 
com as a signal for S to state his guess and confidence level. It was suge ig 
to 8 that he could improve the accuracy of his guesses, even though 2 ly 
tracting shock would be occasionally administered, Ss in Group C were 5 
told that they would occasionally receive a shock during the experimen * re^ 
During the 10 adaptation trials, equal numbers of the two tones We"? | ne 
22 in ап unsystematic order. During acquisition the freauency О ын ips 
The das paired with shock (С8--) was counterbalanced within each g" ad 
: е acquisition trials consisted of 17 presentations of the CS+ tomer 
6 presentations of the unpaired tone (CS—), Test trials were admin? The 
a Сз the ucs during Presentations 3, 7, 11, and 15 of the CST- jon 
+ and CS— trials were in an unsystematic order except for the restri? test 


that the same tone not occur more than twice successively and that each 


| ШУ 
trial be bracketed Бу CS— tones. The intertrial interval varied unsystemat í 


80 
SM. А. Stewart, J. A. Stern, G. Winokur, and 8. Fredman, Ап analy C. 


С: этет : 
SR conditioning, Psychol. Rev., 68, 1961, 60-67; W. F. Prokasy and pject 


Ebel, Three component ‘lassi iB í 
J. ezp. Psychol., 5 1967, Ber eg mally conditioned GSR in human the 


10]. D. Montagu and E. M. Col Р ent of 
galvanic skin response, Psychol. Bul, és be d азайа 
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between 2 
0 and 4 
of left and tight там E both groups. A 7:3 ratio was used for presentation 
никти ights for Ss in Group M. After the last acquisition trial, all 
hese increasingly specific questions: - 


1.1 wa 
J want you now 
Review in detail ps tell me about your experience during the experiment 
ар continuing througl observations bc inning at the first of the experiment 
w amuninate fully ын ы em In a sense, ihis is a test of your ability to 
an. ike your time and НУ пано ed, thought, and did during the experi- 
ор ama y to be as complete in your description as pos- 
H rill help y: 
БН the Ld Аи recall more details of your thoughts and observations 
ase trace your thot Aue pie on one topic at a time. So, to start, 
ights and observations about the shocks you received 


Tom the beginni 
begin 
ginning to the end of the experiment. Some of what you say may 


тереп wh 
at what y E 
me Now, TH разр аер told me, but that is all right. 
аец in terms оѓ ihe you to tell me about your experience in the experi- 
9 count, again {сеу ое you heard. So that you сап give me & etailed 
> vations Rad НОО is back to the first tone you heard and trace your 
experiment, ights about the tones from the beginning to the end о 
e know tha 
nt in connie de us to organize what is going on during the ex- 
tell me in detail jos However, each person does this a little differently. 
ail how you organized and attempted to make sense about 


at was Ё 
oon Аз тарь їп the experiment. 
ара оше to ee ian experience in the experiment, what conclusions did 
riment, how did ing the experiment? That is, as a person undergoing the 
UR u noticed dne try to explain the experiment to yoursel 
? did you make there were repeated shocks during the experiment. What 
hogg Vere you ever out of the fact that you got a shock at а particular time? 
8. Did able to tell when you were going to be shocked? If so, 
9. Ty you noti 3 
ed. you Иво any connection between the tones and the shock? 
8 otice yourself anticipating the shock when you heard а 


10. Di 
- Did you i 
make any sense out of the fact that sometimes there was а 


tone whi 
o wh 
хо гаруй followed Бу shock? 
iy pi More гү Гурез of toncs did you hear? 
You w id hearing Bone Эр describe the types of tones. | 
ауду ШЧ be shock articula? tvpe of tone ever lead you to predict whether 
e of this duri ed or not? [If yes.] Which type of tone? Were you clearly 
ing the experiment? Estimate when in the experiment you 


Ought thi 

145. this. Did y А 1 rhe 

id you modify or possibly forget this idea after you first got it? 
e tones or differentiated their 


Dite АЛ S w 5 
itches was who claimed not to have heard th 
ing both tones and obtaining the 


E] tes : d 
Ju ements] 64 at this point by presenting 


Tanger} 
cript: 

W pts of T 
8 these postconditioning interviews 


Te then j 

› n ind 

Ё inser d ы! content-analyzed by four rate 

alt with = л of the conditional stimulus cont 
estions: 


Perime 
Р ease 


for both the M and C groups 
rs for the accuracy of 


ingencies. The raters 


1.Н 

2, OW many ty 

3 Did the согы of tones did ће S report hearing? 

4 pe the 5 re scribe the tones as differing in pitch 

5 port associating tones and shocks? 

6 e type of tone? 

? 1 associated with shock? 


14 the S re 
: Did th report associating shocks with just on 
after having recognize 


eS 
id the § харон that опе type of tone was 70 
и Did port having rejected the contingency 
209 the 8 i 
than th aee attempting to predict shock on a basis other than the 
e CS; (с) ea (a) sequence of shock and non? hock; (b) stimuli other 
esponses other than CR or CR; (d) other? 
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Note: Rate "SC" if the S's confidence in his observation is qualified. Rate 
“RC” if your confidence as a rater is qualified. 8 
The raters had no knowledge of the GSR conditioning obtained for each ae 
Ratings of Ss’ responses to Question 13 were not used to classify Ss. oe 
ment of S to an accurately verbalizing group required either three unqua p 
ratings of accuracy or four ratings of accuracy if any rater considered his pm à 
qualified. Unanimity was achieved among the four raters for 24 of the 2 
who were classified as accurate verbalizers in the two groups. : 

The 8-sec. interval beginning 1 sec. after tone onset was divided int mel 
subintervals. A GSR originating 1-5 sec. after tone onset was scored as 8 das 
interval response, A GSR originating 5-9 sec. after tone onset was score’ des 
а second-interval response. Thus, 1 sec. was alloted as the minimum e A 
of a GSR to the UCS. For trials in which the UCS was not administer? ^. 
third-interval response was scored for a GSR originating 9-13 sec. follov Шр 
tone onset. Each GSR was measured from its onset to its peak, АП е. 
magnitude was expressed as the square root of the conductance change. 


о two 


RESULTS 


Р cu- 
In Group M, 13 Ss were classified as accurate and 30 as aee 
rate; in Group C, 15 Ss were classified as accurate and 9 as та 
rate, x? = 53,p < .05, two-tailed. 


. . the 
First-Interval GSRs. The upper left panel of Fig. 1 shows the 


mean first-interval GSR magnitudes to CS+ and CS— during 
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заран of adaptation and acquisition trials for the 13 Ss in Group 
быз ui accurately verbalized the contingencies. These Ss were 
dats t ed Group M (A). The lower left panel contains comparable 
Trial v tlie 30 inaccurate verbalizers, designated Group ма). 
С8- ocks were comprised of the most nearly adjacent pair of 
omitt, S С8- trials. The first CS+ trial during acquisition was 
нийг since GSRs elicited by this stimulus could not reflect sensi- 
vari lon induced by UCS presentations. Three-factor analyses of 
ae ila M(A) vs. the M(I) group, CS+ vs. CS-, and trial 
à ks—were calculated separately for blocks of adaptation and 
аша ов trials. The M(A) and M(1) groups did not differ in 

per nines to CS+ and CS— combined during adaptation, 
degre ) = 1.1, and the combined groups showed a highly significant 
of a е of habituation, F (4, 164) = 33.7, P < 1001. Analysis of blocks 
ын ui trials failed to demonstrate a main effect for CS+ 
се Е. Р (1,41) = 1.5. However, a significant interaction between 
<Б, О8— and trial blocks was obtained, F(15, 615) = 18, P 
the M suggesting that conditional GSR differentiation occurred for 
; 1 (А) апа М (I) groups combined as а function of trial blocks. 

ва teatea in Fig. 1, neither group began to differentiate consist- 
2 until the relatively late acquisition trials. Analyses of differ- 
Trial тол reflecting differentiation of the combined groups over 
? < locks 17-21 revealed significant conditioning, t(42) = 4.0, 
:001. The two groups did not differ in overall first-interval 


Ў Ay UPS differ as а function of trial blocks, Р < 1. Indeed, the 
ure M(I) groups both differentiated significantly during 
Specti ocks 17-21, (12) = 23, p < 05; (09) = 82, p < 01, re- 

heir To test the possibility that the basis for assigning Ss 

Мег, BED) group might account in part for this groups GSR 
4: entiation during Trial Blocks 17-21, the 30 Ss were par- 
bgroup consisted of 13 Ss 
elatio to verbalize the stimulus 
Other ns accurately in response to all interview questions. The 

Subgroup was comprised of 17 Ss who obtained some ratings 
pn but did not meet the strict criteria required for classi- 
ifferentiati Group M (A). There was no tendency 
ni ation of these subgroups to differ, t (28) ә. 

P separately showed significant differentiation, 
he 05; #(16) = 2.67, р < 05. | 
Pper right panel of Fig. 1 shows the mean first-interval GSR 


59, and each 
t(12) = 
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magnitudes for the 15 Ss in Group C who accurately verbalized the 
contingencies. These Ss are designated Group C(A). Comparable 
data for the 9 inaccurate verbalizers, designated as Group cM, 
are shown in the lower right panel. The reactivity of the groups to 
CS+ and CS— combined during adaptation did not differ, F (1,22), 
p < 1, and the combined groups significantly habituated to cS+ 
and CS— over the blocks of adaptation trials, F(4, 88) = 12.6, 
p < .001. During acquisition, significant GSR conditioning Was ob- 
tained for C(A) and C(I) groups combined, (1, 22) = 11.8, ? 5 
01. As shown in the right-hand panels of Fig. 1, the groups differe 
markedly in conditional GSR differentiation, F (1, 22) = 119, P 
< .01, with conditional differentiation being limited to the C(À) 
group. There was also a nonsignificant tendency for the Group cC 
to show larger GSR magnitudes to CS+ and CS— combined than 
Group C(I), F (1,22) = 3.7,р < .10. 1 
The first-interval GSRs of Groups M and C were also compares 
during blocks of adaptation and acquisition trials, irrespective 0 
accuracy of verbalization. Statistically significant differences 
tween the groups were limited to the blocks of acquisition trials; 
& significant interaction was obtained between groups and (00:45 NE 
С8-, F(1, 65) = 42, р < .05. As suggested in Fig. 1, this finding 
reflected the greater differential conditioning of Group ©. 


Second-Interval GSRs. The distribution of second-interval mag 
tudes dictated nonparametric analyses. Two-tailed tests were ше 
throughout. Separate analyses were conducted for the blocks 0 
adaptation trials, the first half of acquisition (Trial Blocks e h 
and the second half of acquisition (Trial Blocks 14-21). Fo" шэн 
half, the mean difference between second-interval GSR magnitude’ 
to CS+ and CS— was calculated separately for each S. The m ре 
difference Scores for the M(A) and M(I) groups, as well as for : n 
two combined (Group M), are shown in Table І. The Уб, 
= yielded no evidence of statistically significant conditional 
ferentiation during the first half of acquisition for Group he 
T (13) = 45, for Group M(I), T(30) = 195. z = 77, or for d 
e corabined, T (43) = 401, z = gr. There тав however; stat : n 
ically significant differentiation during the last half of acquis! T 
for Group M(A), T(13) — 7, p < .01, but not for Group p 
Т(30) = 225, z = 0.18. Use of the Mann-Whitney test indicat 
that the conditional differentiation of Group M(A) was significa 
greater than for Group М(1), U(13, 30) = 79.5, z = 3.0, Р 2" 


be- 
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TABLE I 


MEDIAN SECOND-ĪNTERVAL DIFFERENCE Scores DURING 
ADAPTATION AND ACQUISITION TRIAL Brocks 
Trial blocks 


_ __— 
Adap- Acqui- Acqui- 


Grow Accuracy of tation sition sition 
Mask p verbalization N 1-5 6-13 14-21 
жш Accurate M(A) 13-03  .0 .21** 
Inaccurate M(I) 30 ‘06 —.03 .00 
Goma M(A) and M(I) combined 43 "Q3 —.04 .04 
parison (C) Accurate C(A) 15 02 08 .23** 
Inaccurate С(1) 9 —.08 .00 09, 
С(А) and C(I) combined 24  —.01 .06  .16** 


* p <o. 
eu M as a whole showed only a tendency toward differentiation, 
по = 332, z = 1.70, p < .10. 
ca). median second-interval difference scores for the C(A) and 
8 ae ee as well as the two combined (Group С), аге also 
tion 4 Е Table I. There was no statistically significant differentia- 
6 ian the first half of acquisition for Group C(A), T(15) — 
Mud E C(I), T(9) = 16, or for Group C, T (24) = 86. For the 
eviden half of acquisition, however, there was highly significant 
= 0 ce of conditional GSR differentiation for Group C(A), Т(15) 
сор Pon 01, for Group C, T(24) = 14 p < 01, but not for 
C(A). (0), T(9) — 10. In addition, the differentiation of Group 
P< Зэс significantly greater than for Group C(I), U (15, 9) = 28, 
0 йе . Th е M and C groups were also compared for the two halves 
rst М е н Group С differentiated significantly more during the 
half 2 f, U (43, 24) = 340, z = 1.96, p < .05, and during the second 
r U (43,24) = 314, z = 2.64, p < 01. 


Thi 

comp Interval GSRs. Test trials in Trial Blocks 8 and 12 were 

in "o to represent the first half of acquisition, and test trials 
ial Blocks 16 and 20 were combined to represent, the second 


half, ту: 
* Third-interval GSRs in Trial Blocks 1 and 4 were combined 


т. 5 . . 
Present the adaptation phase. For each pair of trial blocks, the 
was calculated sepa- 


ея а 

к ра erence score between CS+ and CS— 

are g us each S. The median difference scores for Group M(A) 
Significg n in Table II. These difference scores were not statistically 
for (19970 for either the first half of acquisition 7 (13) = 32, or 
sores f, Second half, T(13) = 38. Nor were the median difference 
T (30 ig Group M (I) significant for either the first or second half, 
= 224, z = 18, T(30) = 300, z = 1:30, respectively. 
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TABLE II 


MEDIAN THIRD-INTERVAL DIFFERENCE Scores ron Test TRIALS 
DURING ÁDAPTATION AND ACQUISITION 


Trial blocks 


Adap- Acqui- Acqui- 


Accuracy of tation sition шир 
Group verbalization N 1-2 1-2 5 
Masked (М) Accurate M(A) 13 0200-11-48 
Inaccurate М(1) 30 —.04 .00 0 
. M(A)and M(I) combined 43  —.01 —.03, ов 
Comparison (C) Accurate C(A) 15 —.03 .24* ‘Of 
Inaccurate C(I) 9 .03 .01 “10% 
C(A)andC(I)combined 24  —.01 A8* e 
* p < 05, 
** p 2001 


The median third-interval difference score shown in Table Пп ie 
Group C(A) during the first half of acquisition was statistical 
significant, T(15) = 24, р < .05, while the score for Group ot а 
was not, Т(9) = 12. However, direct comparison of the different?” 
tion for the C(A) and C(I) groups revealed no significant differ" 
enog, U (15, 9) = 51. There was evidence that the two groups xn 
bined (Group C) differentiated reliably, Т(24) = 80, р < .05. In ү 
second half of acquisition, Group C(A) differentiated significantly» 
T(15) = 9, p < .01, while Group C(I) did not, T (9) = 15.1% ра 
also found that Group C(A) differentiated significantly more Lue 
Group C(I), U(15, 9) = 20, р « .02, and that the entire C iei 
differentiated significantly, T(24) = 56, р < .01, The third-intervi 
differentiation of the M and C groups was also compared. DE 
the first half of acquisition, Group C differentiated significa? 
more than Group M, U(24, 43) = 356, 2 = 2.09, р < .05, thou? 


the two groups did not differ sieni i half, 085 
Mi ERI. er significantly in the second ha^; 
Discussion 
Results of the a 


: Postconditioning interview indicated that the ee і 
P procedure was effective in reducing the frequency with T 

à : : : 
emt, ae the stimulus relations. While 6276 0% of 
P © were classified as accurate verbalizers, only 3 of 


the Ss in Group M were so classified. The substantial proportion og 
accurate verbalizers in Group У Е 


rbalizers | Ї emphasizes the importance 0* "se 
a postconditioning interview or some other means to 888659 The 
cognitive effects of masking, rather than assuming its succes dic? 
effectiveness of masking may be expected to vary in different $ 
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due to various characteristics of the masking procedure, condition- 
ing paradigm, and Ss. 

. The expectation that there would be less differential conditioning 
in Group M than in Group C was strongly confirmed. Group M 
Showed significantly less conditioning of first-interval GSRs during 
the combined acquisition trials as well as less conditioning of second- 
interval GSRs in both halves of the acquisition series. The inferi- 
ority of Group M in differentiation of third-interval GSRs was sim- 
ilarly apparent during the first half of acquisition. The reduced 
conditioning occurring in Group M is consistent with results obtained 
by Ross, Wileox, and Mayer,!! but the present results are not in ас- 
cord with Razran's contention that simple salivary conditioning 18 
facilitated by masking.? It should be noted, however, that Raz- 
Tan's groups contained only three Ss each. . 

In Group C there was consistent, evidence that differential GSR 
Conditioning was limited to Group C(A), which contained Ss 
Who accurately verbalized the stimulus contingencies in the post- 
Conditioning interview, The GSR magnitudes of Group C(A) were 
Significantly differentiated in the first interval during the combined 
Acquisition trials, in the second interval during the last half of 
Acquisition trials, and in the third interval during both halves of 
acquisition. The inaccurately verbalizing Ss comprising Group C(1) 

id not differentially condition in any GSR interval. The concord- 
ance obtained between knowledge of stimulus relations and GSR 
differentiation is consistent with results of our previous studies us- 
ae both intertrial reports and postconditioning interviews.’* In ad- 
“ition, the present results for both the С(А) and с groups 
replicate the outcome of a previous study of differential GSR con- 
„oning using the same CS-UCS interval and only а postcondi- 
tioning interview.14 | 
n Group М, the relationship between conditional GSR differen- 


tiat; : ni 
ation and accuracy of verbalization was different for first and 


sig interval responses. During the late acquisition trials, = 
cant first-interval differentiation was observed for both the 


d Urately verbalizing Ss of Group M (A) and the inaccurately verb- 
"ing Ss of Group M(I). On the other hand, conditional differen- 


H Бо : 

12 (059, Wilcox, and Mayer, loc. cit. izati 
9f cong igaran, Attitudinal determinants of «ОАР and of generalization 

ар ing, J. exp. L, 30, 1949, 820-829. ; 
ор, a jer and ‘Bane Бася 2 150, 1965, 1479-1481; Baer and Fubrer, 
14 ирг. P: Psychol., 78, 1968, 81-88. l. Ass., 


1%, 53-54, and Baer, ор. cit., Proc. 74th Annu. Conv. Amer. Psycho 
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tiation of second-interval GSRs was consistent with the accuracy of 
postconditioning verbalization since Group М(А) differentiated Ter 
liably during the second half of acquisition and Group М01) did 
not. In addition, the differentiation of Group M(A) was significantly 
greater than that of Group M(I). Similar comparisons for third- 
interval GSRs were not possible since the two groups did not 
show significant differentiation when combined or considered 860” 
arately. 

Razran has made a frequently noted distinction between rela- 
tional learning and conditioning: relational learning refers 10 phy- 
siological evidence for conditioning in conjunction with reporte 
perception of CS-UCS or CS-CR relations, and conditioning Pe е 
is defined as occurring in the absence of such perception.” ми, 
preting the present data in these terms, it appears that differentia 
GSR conditioning obtained with the conventional procedure is ar 
most exclusively a reflection of relational learning. On the ав 
hand, the masking procedure appears to yield relational learning 
in some Ss and conditioning in others. The latter findings contr? 
with the report by Dawson and Grings that conditioning 4068 m 
occur when a masking task is used, i.e. that there is no evidence 9 
GSR differentiation for Ss unable to recognize the stimulus rela- 
tions.1° These investigators acknowledge, however, that their mask 
ing task may have had the effect of interfering with perception ^ 
the C55, a difficulty which the present study avoided by promine? 
involving the CSs in the masking task itself, Razran's termino ec 
also serves to highlight a potentially important distinction petwee 
first- and second-interval GSR differentiation. While first-inter 
differentiation may be observed in conjunction with both je 
ditioning and relational learning, second-interval differentiatio? | 18 
pears to be exclusively a correlate of relational learning RS 
formulation 15 consistent with the view that second-interval ae f 
are emitted as concomitants of a preparatory set in anticipatio? 
the UCS. It is probable that this set is under covert verbal 607 i 
particularly with respect to time estimation of the CS-UCS inter vi. 
я xs other hand, first-interval GSRs may be viewed 45 cont 
uper ar ае. are much more under stimulus © 

The differential Gs n ependent of verbal processes. 
»- а! GSR conditioning which occurred for à 

(I) may, alternatively, indicate that masking selectively redu 


15 G. Razran, Conditioni 5 95. 
16 Dawson and Gris bee Perception, Psychol. Rev, 62, 1955, 897 
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the effectiveness of the interview to reflect Ss’ covert verbal proc- 
esses during conditioning. Some of the Ss who showed first-interval 
differentiation may have achieved at least a tentative formulation 
of the actual stimulus relations. However, attention to the masking 
task may have competed with the opportunity for these Ss to con- 
firm and rehearse their formulation, and these Ss may have con- 
Sequently lacked the subjective confidence necessary for verbaliza- 
tion during the interview. Supporting these conjectures is the fact 
that the less specific interview questions required recall rather than 
Mere recognition of the correct stimulus relations. These consider- 
S vas suggest that intertrial verbal reports may more sensitively 
reflect covert verbal processes occurring during а masked condition- 
mg procedure. Intertrial reports place less burden on the 88 
зэ and they require а shorter and presumably less complex 
E 5 experience to be communicated. 
8 ‘ally, it may be noted that certain aspects of the present results 
“Pport either of two possible interpretations of the role of cog- 
inse Processes in the differential conditioning of boaan 
мань human Ss, A view that conditioning is a consequence o 
Vi En bing processing of stimulus relations is supported by the se- 
етеу debilitating effects of masking on conditioning. However, 
© alternative position, which precludes the necessity of cognition 
on Conditioning, is also demonstrated, for under the unique cir- 
wmstances of masking, Ss unable to verbalize the stimulus con- 
ы nevertheless showed some conditioning. A question m 
Bo research is whether experiments can be devised to 2, 
| чы test these alternative viewpoints. It may be added tha e 
he lonship between conditioning and cognition observed in the 
Parison group was essentially correlative in nature and thus did 


0 à 
Constitute a test of either viewpoint. 


Di SUMMARY 
7 iaerentia] GSR conditioning was assessed in а group N= 43) 
Hen had the conditioning procedure embedded in a 472577 
Which © task (Group M) and in a comparison group (N = 
то underwent a conventional differential-conditioning proce ure 
U UP C). The CSs were 8-sec. tones of differing frequencies, the 
the ca a shock, and the CS-UCS interval was 8 sec. Division x 
bis S and the post-UCS period into three 4-sec. ees 
опа эс the analysis of multiple GSRs. Content analyses а роѕ 
loning interviews indicated that 62% of the Ss in Group C 
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verbalized the stimulus relations accurately, while only 30% of ын 
Ss in Group M did so. As expected from a cognitive — 
Group M showed significantly less conditional differentiation E 
GSRs in all three intervals. Significant GSR conditioning was ын 
served in the three intervals for the 15 accurate verbalizers s; 
Group C, but there was no evidence of conditioning in any cii 
for the 9 inaccurate verbalizers. The 13 accurate pr "s 
Group M showed significant second-interval differentiation W "d 
the 30 inaccurate verbalizers did not. However, both accurate т 
inaccurate verbalizers in Group М showed significant first-interv 

conditioning during the late acquisition trials. 


NONVERBAL LEARNING 


By B. С. Rosensers and Jonas LANGER, 
University of California, Berkeley, 
and Тонх Stewart, Bowling Green State University 


Students of the origins of language (e.g. Cassirer, Piaget, Werner 
and Kaplan)! have long recognized that nonverbal, particularly 


хярын and vocal, symbolization may play 0) an паро 
"Cs. ee in mediating the ontogenesis of rn pt 
bm symbolization and (2) an important. communication 2 
With cvi: or contradicting the message 1n verbal statements 
ab which it may be associated. The fundamental causal question 
out such nonverbal symbolization is whether it is a culture- 
p (learned) or universal (natural) phenomenon? This pod 
em ees causation has been the theoretical impetus for үнээн 
PCR ai studies, most of them matching experiments in € 
sm es of Ss were asked to match symbolic patterns in one иь a 
nee referents of another medium. The purpose has been 9 е 
mato] Whether beyond-chance agreement арала BENE Ын 
Шина 23 of the Ss in the sample. Two symbolic mec «1 5 
Such and the graphic, have been studied fairly € die 
mat matching experiments. In the medium of soun d, s ha - 
Чаны, nonverbal but vocal sounds such as TAKETE ап 
кыре ы with visual patterns? nonverbal sounds — е 
is 9 verbal meaning and antonymie pairs of wor s fro 
Neally unrelated languages. In the graphic medium, Ss have 
* Receiy о | | ree 
soak der рле October it The Sl onal ral 
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2 ion, 1963 
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J. Pers, io, Ает ae B. G. Rosenberg, Symbolic 
; sychol., 4, 1966, 364-373. " i 
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matched abstract linear patterns with dimensions of verbal mean- 
ing? and postural-gestural linear patterns with dimensions of 
verbal meaning.” 

Nevertheless, very little work has been undertaken to demon- 
strate the compelling effect of nonverbal symbols when the idea 
of forming representational matchings is not directly suggested 
to the Ss, as it has been in the matching studies referred to 
above. Since this suggestion is inherent in the matching technique 
itself, experimental demonstrations that do not use the matching 
technique are a theoretical necessity if the hypothesis of natural 
symbolization is to be sustained. Two studies have begun #0 
demonstrate the coercive influence of nonverbal symbols in non- 
matching situations. In the first study, it was found that the 
meaning intrinsic to nonverbal sound symbols may affect the 
maintenance of directed cognitive activity in much the same 
fashion as does the meaning of verbal symbols In the secon, 
it was found that congruent pairs of sound symbols and verbal 
referents were learned more easily than the same sound symbols 
paired with noncongruent or unrelated referents.? 

The present investigation was designed to be a further enr 
pirical step in the authors’ systematic attempt to explore the 
natural coercive influences of the meaning intrinsic to a variety 0 
nonconventional and nonverbal symbols when a matching technique 
1s not employed. To this end, two experiments were conducte р 
both employed a learning paradigm. Experiment I dealt with 
graphic symbols and verbal referents. In a previous matching 
study, it was found that Ss agreed in their matching of postural- 
gestural symbols with particular verbal referents (e.g. red, gree™ 
yellow, blue) beyond chance expectation. ‘These positive findings 
were interpreted as evidence supporting the contention that there 18 
an intrinsic semantic relationship between certain postural-gestura 
symbols and verbal referents, ie. that they are not extrinsically 
related, that they are not overtly or structurally similar, ар 


jo speakers, unpublished MS, 1965: R. B. Methods 2 
UE symbolism experiments, J. abnorm. re Ea xL 441-4 ЕР 
М. Scheerer and J. Lyons, Line drawings and matching responses ior mona 
ў, Ters, 25, 1957, 251-273; Werner and Kaplan, loc. cit i 
‚1 B. G. Rosenberg and J. Langer, A study of postural-gestural commu 
ер, J. pers. soe: te e 2, 1965, 593-597 5 
anger and Rosenberg, ор. cit., J. per: -373. 
9 J. Langer, E. E. Bind. 5 5 бов on ee, d, 1966, Зб A 
of phonetic symbols, J. pers. soc. Psychol, 
1? Rosenberg and Langer, loc. cit 
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that the ил]; E 

майы aem linked by arbitrary convention. Yet, Ss must 
Medios amd "ч b peces physiognomie) relationship for the 
Яана io deten 0 obtain. Experiment I was therefore de- 
їнэн: вена 8 ue the intrinsic semantic relationship 
pered essc ae ^e ols and their referents directly influences 
ш, RE the case with the nonverbal 

xperi 
e: oir ip ang се a first attempt to study, in a nonmatching 
сан ра e effect of nonverbal symbolism upon an aspect of 
iR M a a directly mediated by verbal referents. To 
thie ufui: af Ёо above, it has been possible to demonstrate 
emis anil enol an re relationship between nonconventional 
“Эртний тийн ^ referents on aspects of cognitive behavior. 
ifia stadio кеш А 2 attempt was to demonstrate the effect of 
adf шивнэ € ic relationship between symbols in two differ- 
Ду ccs ener е іа upon paired-associate learning. To this end, 
хүйн цо with semantically congruent and semantically 
fon Тань а ѕ of gestural symbols paired with sound symbols 
prediausis a gestural!! and sound!? symbols having been 
different od] ае to be consensually matched with the same or 
olor referents by independent samples of Ss. 


EXPERIMENT 1 


GRAPHIC SYMBOLS AND VERBAL REFERENTS 

ates were constructed. One list 
t pairs. The stimuli in the pairs 
hromatie or achromatic color 
n the basis of previous 
es with colors.! Congruent pairs 
in matching stick figures to 
w, black and white, 


Lis : 
аы ка иша lists of 10 paired associ 
were stick hess and the other noncongruen 
names, The da while the responses were © 
findings on stimulus and response items were selected o 
were й Зөнч in matching stick figur 
colors had b = шин for which high consistency 
and the one е The two highest for red, yello 1 
formed by ra | est for blue and grey, were utilized. Noncongruent pairs were 
or achromati ndomly assigning each figure to one of the other two chromatic 
low, two om aedi but with the restriction that there be two red, two yel- 
of 10 pairs p two white, one blue, and one grey. Thus, each list consiste 
color-name. e set of stick-figure stimuli was the same for both lists. Each 
congruent ТЕЗДЕН also appeared with equal frequency on both lists. On the 
list each stick figure was paired with the color most consistently 


match ith i : А А 
hed with it, while on the noncongruent list the figure was paired with the 


19, 1964, 663-670. 
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Number 


34 


35 


18 


50 


23 


19 


38 


25 


22 


noncongruent с 

congruent respo perce : 
ntage match 15 resente 

Table I. To minim; А ing agreement!5 аге pr 
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TABLE I 
STIMULUS AND RESPONSE MarzalALs: EXPERIMENT I 
Congruent Noncongruent 
Stick figure Percentage of color color 
(stimulus) agreement (response) (response) 
75 Red Blue 
Х 79 Red Yellow 
| 51 Yellow Red 
b 47 Blue Yellow 
Ї 46 Yellow Red 
1 97 White Black 
1 83 Black White 
9 80 Black Grey 
1 68 White Black 


1 57 Gray White 


olor assign 
mses, and 


NONVERBAL LEARNING 185 


with the name of a color. On the first presentation, S was instructed to read 
each color name aloud, Ss were then given the standard paired-associate in- 
Structions for the anticipation method with guessing encouraged. All Ss were 
required to learn the list to a criterion of one correct recitation. 

Subjects. Thirty undergraduate students at Bowling Green State University 
a as Ss. Fifteen Ss (6 men and 9 women) were tested on the congruent 
ist; another 15 (6 men and 9 women) were tested on the noncongruent list 
All Ss were volunteers. 


Results. Fig. 1 presents the mean number of correct responses 
Per trial for the two conditions. All Ss are represented at each 
Point, with a perfect score assigned to S on trials after he reached 
criterion. The curves are terminated at the point at which all 
a reached criterion. Clearly, the congruent gesture-color pairs were 
€arned more readily than the noncongruent pairs. 
garb TI presents the main results. Since Jenkins s 

at reliable differences observed in verbal-learning experiments 
are largely found in the earlier phases of list learning,?® and anal- 
ysis of the number correct in the first two trials is also presented. 
Some Ss on the congruent list had reached criterion by the second 
trial; therefore differences in the number correct are presented 
for only the first two trials. As can be seen, whether scoring by 
number correct, overt errors per trial, or trials to criterion, con- 
Bruent pairs were learned more rapidly than noncongruent pairs. 


has indicated 


Maran: TABLE II 
8 AND £ VALUES ror TRIALS TO CRITERION, 
Connzcr iN First Two TRIALS: ЕхРЕ 


Overt Errors, AND NuMBER 
RIMENT I 


Tri Measure Congruent Noncongruent ын, 
Nals to criterion 7.00 13.33 ae 
Nun errors per trial 2.35 3.17 p 
«4 Т correct in first two trials 10.60 7.2 
ws. P. € 02, one-tailed, 
Р < .005, one-tailed. 
ExrrRIMENT П 
GrsTURAL SYMBOLS AND SOUND SyMBOLS мэн 
Lists, " а А В jates were constructed. On 
list WE, unmixed lists of eight paired шийр гүн Simul in the 


ained congruent and the other noncongruen imulus 
Te stick cos while the responses were sound pese w em 
Tesponse items selected were those which had been consis ^ aiti cn 
© same colors by independent groups of 88.11 S aper share com- 
88 pairs composed of gestural and sound symbols w 


airs we 
and the 
With th 

efined 


b j., 2, 1965, 97-98. 
иб J. Jenkins, Comments on pseudomediation, Psychon. нг ЫР Percept. 
mot Sigpberg and Langer, loc. cit.; Langer and Rosenberg, 0P- P» 

‚ Skills, 19, 1964, 663-670. 
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mon color referents. That is, а given pair was made up of (1) a stick figure 
which had been matched with high consistency to a particular color and (2) 
в sound pattern that had also been consistently matched with the same color. 
For each of the colors (red, yellow, green, and blue), the two stick figures and 
the two sound patterns of highest consistency were selected and randomly 
picked. Noncongruent pairs were formed by randomly assigning cach stick 
figure to a sound pattern that did not share the same color referent. Bo 
ever, the same sets of figures and sounds were used. Thus, each list consisted 


~ 


о 


e 


e 


*——* Congruent 
с——о Noncongruent 


MEAN NUMBER CORRECT 
N FS 


5 10 15 20 25 


TRIALS 


; 
Fro. 1, Mean Момвев Correcr Responses across Тиим: EXPERIMENT I 


of eight pairs. The stick- 


Р figure stimuli i ists, In addi- 
tion, the same set of sou 1 were the same in both list 


а re- 


Results, Fig. 2 


presents th onse? 
by trial. Values f e mean number of correct гер 


or plotting were determined in the same mann? 
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TABLE III 
STIMULUS AND RESPONSE MATERIALS: ExPERIMENT П 
. Congruent Noncongruent 
аен Stick figure Color sound soun 
(stimulus) referent (response) (response) 


16 
Nerd Klak (red) 


Green 


18 
Yellow Elbe Com (blue) 


31 
Blue Mumle Zah (red) 


| 
Ї 
4 
K 
| 
1 


" Red Zah Elbe (yellow) 


" Blue Oom Zing (yellow) 


Yellow Zing Tur (green) 


4 
: о Green Tur Mumle (blue) 


Not 
e: C 
vlors in parentheses are the referents of the noncongruent sounds. 


provided 


as j | А 
in Experiment I. As in Experiment I, such plotting 
re more 


n 
ii Pping curves. Clearly, congruent symbol pairs we 
Table m than noncongruent symbol pairs. 
trial, an Я presents the mean trials to criterion, overt хүрсэн 
rom th the number correct in the first five trials. As is evi = 
ассе d meg ns, the results were as predicted, though the leve 
умы ability was not as significant as in Experiment 1. Again, 
und Scoring by trials, errors, or number correct, stick figure- 
Pattern congruencies were more readily learned than stick 


Їё-50 
und pattern noncongruencies. 


89) 


188 ROSENBERG, LANGER, AND STEWART 


E] 


o 


СЯ 


e 


e— Congruent 
o— Noncongruent 


MEAN NUMBER CORRECT 
N x 


5 20 35 40 
TRIALS 


1 
Y 1MENT Ї 
Fia. 2. Mean NuMnER Correct Responses across TriaLs: EXPER) 


TABLE IV 


ER 
p NUMB 
MEANS AND | VALUES FOR TRIALS TO CRITERION, Overt канна АМ 

Correct Іх First Five TRIALS: EXPERIMENT I 


alue 
Measure Congruent Noncongruent : pes 
Trials to criterion 11.87 15.73 1.781** 
vert errors per trial 2.42 2.99 3.371*** 
umber correct, in first five trials 14.60 8.60 
* P < 10, one-tailed, 
** D < .05, one-tailed. 
*® p «01, one-tailed. 
Discussion 


At best, matchin 
is an intrinsic se 
and referents w 
suggested to S b 
Studies, the pr 
intrinsic sema 


5 experiments permit demonstration that кн 
mantic relationship between nonverbal 8yo tly 
hen the representational relationship is кы 
Y the experimental method itself.18 In two prer al 
esent authors have found that the һуроіћейса 
ntie relationship between nonverbal symbols c 

emonstrable effect even when the representation 

Suggested to S. Methodologically, this : 


48 

18 For a fuller discussion of this methodological criti Brown, 
gical critique, see Psy 

anger and Rosenb . cit, J. pers. soc. 

4, 1966, 364-373, PETE, ор. сй, J. р 
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bolsters tl ЭР : 
deed кабе 34 pe ае basis for maintaining that there are in- 
symbole (here insie semantic relationships between nonverbal 
(here, colors) мис symbols) and verbal referents 
was found гай ced evidence comes from Experiment I, where it 
verbal referents w i ioa pairs of postural-gestural symbols and 
From the | learned more easily than noncongruent pairs. 
results of fime ological-empirieal point of view, however, the 
experiment, it ни are of even greater import. In that 
coercive effect of possible to demonstrate, for the first time, the 
of the hypothetical, intrinsic semantic relationships 


when t] 
he situati i 
ion is even more removed from the suggestive 


characte 
r of К Р 
matching experiments. To begin with, Ss did not 
More important, 


песы 
they ae nonverbal symbols with referents. 
Rather, they €: learn. pairs of nonverbal symbols and referents. 
With sound есе pairs of nonverbal symbols: postural-gestural 
vant to the th els. Experiment II is therefore particularly rele- 
lization. Ss eoretical question of the cause of nonverbal sym- 
partieular pai can hardly be presumed to have experienced these 
efore this нь at postural-gestural and sound symbols together 
more Shinty then cn Yet, they learned congruent pairs much 
results, it seem зап noncongruent pairs. To begin to explain these 
Such as the 8 necessary to posit that symbols in different media, 
may share Р Боо чейин graphic and the phonetic medium, 
his “яг Эн nmon spheres of meaning.!® In the present situation, 
8 particular ply that when a given col 
Serve to me аерам! symbol and sound symbol, it may 
color is йе both. The possible mediational value of the 
Situation "s not restricted to when it is overtly present in the 
May have ipee the symbols are being considered. Rather, it 
Partial, aaa presence. It may be an implicit, but at least а 
Y the two pus characteristic of the sphere of meaning shared 
symbol-symbo erent kinds of symbols. It may be why congruent 
Pairs) are | ol pairs (in addition to congruent symbol-referent 
he um e more easily than noncongruent pairs. In sum, 
Tinsie sem study reinforces the hypothesis that there are in- 
Count for antic relationships shared by nonverbal symbols to ac- 
common Successful matchings of symbols that have little m 
" extrinsieally. 
Se 
20 TM. Scheerer, Spheres of meaning, 


identigo Тев 

ntifv; son PAA Я 2 5 

Ufying our fer qualifying this explanation 15 u 
erpretation with the experimenta 


or is the referent of both 


J. indiv. Psychol., 15, 1959, 50-61. 
jat we may be incorrect 1D 
] operations we employed. 
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SUMMARY 


Two studies were performed. In the first, it was found that 
congruent symbol-referent pairs of postural-gestural symbols and 
color referents were learned more readily than noncongruent pairs. 
In the second, it was found that congruent symbol-symbol pairs 
of postural-gestural symbols and sound symbols were learned wor 
readily than noncongruent pairs. Taken together, these findings 
from nonmatching experiments support the notion of intrinsic 


semantic relationships that are not the result of learning arbitrary, 
conventional relationships. 


THE RE 
EFERENCE 
NCE FOR VISUAL NORMALIZATION 


B 
e H. Dav and N. J. WADE 
nash University, pee 


Prolonged ins 4 
нв in the шог т a tilted line results їп an apparent de- 
be malization die nh ine, an effect referred to as normalization. 
=. яв judgments "vg measured indirectly from the difference 
gem ection, an effect ss visual vertical before and after a period 
en inspection of a ЕП. бүж to as the visual tilt aftereffect. Fol- 
bes On of prior tilt o 4 line, the visual vertical is shifted in the 
шог perceived шү T alternatively, a gravitationally vertical 
5 25 line. Gibson с in the direction opposite to that of the [= 
W direction ir onsidered that this tilt adaptation tended in 
ature2 Experi perceptual norm, although he did not specify 
ents concerned with such visual tilt afteref- 


fects } 

a nave 

wit! general 1 n 

h the he ly involved Os in the normal upright posture, 16. 
meridian) in the gravi- 


tati ad 
one vertical Th therefore, the retinal 
zation may be argued that under such conditions nor- 
to gravity. 


occurs relati 

A of 7 нета to the retinal meridian or 
Nee relative 4 : periments reported here was to establish the 
бу] e retinal ай. л, normalization occurs. 
“eeu tilting то reference axes may be separated 
e in establishing ч head ог whole body, 8 method used previ- 
сыф, deterioration ne reference axis for shape recognition and the 
with "s of the Жо visual acuity with object 813 From the 
Sim tilted he problem, a gravitationally vertical line 
es IWise, a line i e tilted relative to the retinal meridian and, 
gravity, If norm the retinal meridian would be tilted rela- 
ormalization occurs relative to the retinal merid- 


те 


* 
Ree i 
iy elved 1 
sua Gibson. Adapti October 21, 1968 
ation, after! J. exp саріанов, aftereffect and contrast i 
ties, tereffect 233 pe 16, 133, 1-31; J. J. Gibson and 
5 ibson, ры Syehol, 20 (Cyr ni of titled lines: 


thig y, *Ock, Ч 

0.00% The ori 

and pp URNA: e orientati 

Phi L, 6 ation of c 

me пр omenal осо серу, ja aa W Heimer 

Pic acuity, Huta, Tou = ihe perception of form, this JOURNAL, 70, 1957, 
Y, this JOURNAL, tect of body position on meridional variation in 
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n the perception of 
M. Radner, Adap- 
І, Quantitative 
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ut not 
ian, an aftereffect would be expected from the med 
from the latter, and the reverse would apply for їл 
to the gravitational vertical. Data suggesting norma 1 E xnl uf 
gravitational vertical for a laterally tilted [0] m iege n 
Prentice and Beardslee, but the magnitude of the " an aes 
measured.‘ It is also worth noting that discriminative pen eae, 
to vertical and horizontal lines are faster than those to a ns 2 
and that this difference stil] obtains when the head is tilte 5 


Мєтнор 


: alization 
Conditions. In order to determine the reference axis for visual S agus two 
the visual tilt aftereffect was examined under the four conditions эн Хад 
body postures and two line orientations in a preliminary Y "Гуо һу- 
der the two critical conditions of these four in the main мэ HS] 
potheses, retinal and gravitational, were postulated, According зөн generates 
hypothesis, the inspection of a line inclined to the retinal merid i Ыт Э 
the visual tilt aftereffect, The gravitational hypothesis predicts that i ev em 
of the inspection line to gravity produces the aftereffect, The four ес 
tions of body posture and inspection-line orientation are shown diag 


“ational 
^ avitationa 

cally in Fig. 1, together with the predictions from the retinal and grav 
hypotheses, 


to the right in Condition III wi 


al vertical, Conversely, in Condition IV M cer 
body and the line were tilted 159 clockwise and the line remained in dicte 
nal meridian, ignoring ocular countertorsion.6 No aftereffect was рге 
from the retinal hypothesis, 


х m the 

but a clockwise aftereffect was predicted fro 

gravitational one, the 

i243 ri 

* W. C. H. Prentice and D. C, Beardslee, Visual “normalization” ne2 

vertical and horizontal, J, exp. Psychol., 40, 1950, 355-364. est pysical 
°F. Attneave and R. K, Olson, Discriminability of stimuli varying in P 

and retinal orientation. J.ezp. Psychol., 74, 196 , 149-157. etina 
8 During body tilt the eyes und 


З unter” 
n 1 e In the head axis. For 15° body tilt, the COM ves 
torsion is approximately 2° (р, 


3 М ап > 
F. Miller, Counterrolling of the hum 1, 479 
produced by head tilt with respect to gravity, Acta Otolaryng., 54, АЕА und 
uss der Schwerkraft auf dic Augen 57—87. 
auf die Wahrnehmung der Lage im Raum, Z. vergl. Physiol., 46, 1962, 


REFERENCE FOR VISUAL NORMALIZATION 193 


Condition 


Inspections line 
Orientation 


Body Posture 


Predictions: 

Retinal i E 5 
Gravitational 5 5 z 4 
p r ITH PREDICTED 


= ; T] 
Автелькеыон DION-LINE Ortentations AND Вору POSTURES, WITH ри 
+ indi Dispracements rrom RETINAL AND Gravitational HYPOTHE 

lcates clockwise; — indicates counterclockwise, 0 indicates no 


prediction.) 


permitted direct 
tions I and II were 1n- 


е afterefiect under the particular conditions cou 
ct under Condition III could be compare 
ae involved line tilt relative to the retina 
то were included in the main experiment. й 
elsewhere The apparatus for controlling body posture has been шан 
Ovemeni Adjustable leg, hip, and shoulder supports minimized a a 
? v and head position was controlled by side supports and a denta ade 
correspond; visual stimulus object was a line 78 mm. long and 03 ЭСЭЭ 
Ч "s ing to an aperture in an otherwise lighttight lamp housing, 97а 
Paralle] DES and with a luminance of 0.08 ftL. The line could rotate см 
With its center in the median plane and adjustable hen m Маг 
ed a of the line, which could be measured to the ene E P 
witch Мйег by O, using a switch with his right hand, or man Уу у 
1 activated a synchronous 1-rpm motor. The lamp anes T uide 
9% and the whole arrangement could be laterally tilted wh мээн 
98 housed į ame relation between the stimulus object and О. The apr 
in à dark room, 


d with that of Condition 
1 meridian. Only Con- 


е orie 
nt 
Contr 


т 
trun I: Wa Š i 
unk tilt, Pate: Visual orientation during and after lateral head, y 
ept. & Psychophys., 3, 1968, 215-219. 
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Three Os, well-practiced in making verticality judgments under bed 
tions used, participated in the pilot study. Twenty unpracticed Os too з А 
the main experiment. Each О underwent four aftereffect trials in a = с 
trial consisted of four pretest adjustments to the visual vertical, one a ai 
starting positions of 5° and 10° clockwise (+) and counterclockwise шэн. 
the gravitational vertical, presented in random order. The O's eyes ыс ey 
at all times other than when making an adjustment. There followed а 2-mi 96 
spection period with the line and body in the appropriate orientano ЭНЭЭ 
which a single posttest adjustment was made from the first of the pa umm 
ing positions. The interval between cessation of inspection and the ini ed 
of the posttest was several Seconds, during which time O's eyes were € 
The difference between the posttest and the 
the measure of the visual aftereffect, A 3 
during which О Tremaine: 

The three Os in the 
which consisted of four 


RzsurTS 


In the pilot study the mean aftereffects for Conditions I, II, III, 
and IV were —0.30, +1.44, +0.73, and +2.50 respectively. Ton 
pattern of aftereffect magnitudes, which was general for the fines 
Os, favors the gravitational hypothesis. However, the small nime 
ber of Os and relatively large variances may be criticized. Further 


: а 
more, all Os were trained and more or less sophisticated in regar! 
to the problem. F 


For the main experiment the mean aftereffect with line vertical 
and body tilted (Condition Ш) was +0.64; with line and body 
tilted (Condition IV), it was +2.27. The data were analyzed БА 
means of £ tests on the Pre- and posttest differences for each con = 
tion separately. The null hypothesis was rejected for Ё > 20 
(df = 19, a = 0.05). The value of ; for Condition III was 1.28 an 
for Condition ТУ 4.61. Thus the mean aftereffect under Condition 


ш Was slightly clockwise but nonsignificant, and that under Con- 
dition IV clockwise and significant, 


Discusstoy 


The data from the pilot experiment Suggested that visual normal 
ization occurs relative to the Sravitational reference rather than 
the retinal. While the aftereffects Were large and in the expecte 
direction for Conditions II and IV, in which the line was tili 
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relative to the gravitational axis, the aftereffect for Condition III, 
in which the line was retinally tilted but gravitationally vertical, 
Was markedly smaller. The results from the main experiment con- 
firmed the suggestion that normalization is relative to the gravita- 
tional axis. Under Condition III no significant aftereffect occurred, 
2 TUR Condition IV there was a larger and significant after- 
eitect, 

_ Although these results strongly favor the gravitational hypothe- 
ЭВ, Several aspects of obtaining visual-orientation judgments dur- 
Ing body tilt may be noted. (1) Ocular countertorsion can produce 
А slight difference between the retinal meridian and body tilt. 

OWever, countertorsion would have affected only the retinal hy- 
Pothesis, which was rendered untenable by the experiments. Prentice 
and Beardslee did find a visual tilt aftereffect when the retinal 
Meridian was aligned with the tilted inspection line. Their experi- 
Ment controlled for any countertorsion by generating an afterimage 
9: Vertical lines with the head upright and then tilting the head to 
16 Position where the afterimage was aligned with the inspection 


line. Tt Would appear, therefore, that the countertorsion produced 


by Ult of the body is of minimal importance in the aftereffect 


Judgments during tilt. (2) The visual vertical with 15° right tilt 
WE slightly counterclockwise of the gravitational Ms na red 
9^ as the E effect o Therefore, the gravitationally vertical үсэрсэн 
нь Would not have been visually vertical in Condition III. te 
i is of importance only if the visual axis, rather than the ps 3 
ational axis, is the reference of normalization. This 15 discusse 
more detail below. : hich would 
" It is Possible that proprioceptive adaptation, whic dee 
‘velop during prolonged tilt in Conditions II and ie condi- 
s Orientation independently of the visual-inspection | by а 
* The visual vertical with body upright is nome 
Prolonged body tilt with eyes closed.° = attributed to 
m prolonged postural stimulation has н ithe position 
10n of the proprioceptive receptors which signa 


Periog of 
fect fro 
adaptat, 


* Dre : 
пе 5 
y € and B NOT nt body 
Position auermeister, Bitect of body tilt on apparent. weeny ХОР. Miller, A. 
R. Fregi, and their relation, J. exp. Psychol., 67, 1964, 142-147; 1. of the horiz- 
ental И : van den Brink "ind. Graybiel, Visual Јовайғанов Ton : = 
942, ХА mction of body tilt up to +90° from Fra iT of Aviation Medi- 
“р 065, ыг No: R-47, Pensacola, Fla.: Naval 8с ший 
tilt, Seiat; ay and aoe de, Visual spatial aftereffect from pro'o 

© 154, 1966, 1201-1202. 


head- 
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of the body relative to gravity.1! It may then be postulated that the 
proprioceptive adaptation which occurs during prolonged body tilt 
would similarly influence judgments during tilt; ve. judgments 
made at the beginning of the tilt period would differ from those 
made some time later. This view is supported by the similarity of 
the difference between Conditions I and ITI (+1.03°) to that be- 
tween Conditions II and IV (+1.06°) in the pilot study. The only 
factor that was the same for both body-tilt conditions was the pe- 
riod of tilt, and this would have influenced the judgments in the 
same (clockwise) direction independently of visual stimulation. 
Thus, it would appear that proprioceptive adaptation during pro- 
longed tilt produced the greater visual aftereffect in Condition IV 
relative to Condition IT. 

The demonstration that visual normalization occurs relative to 
the gravitational reference rather than to the retinal reference casts 
doubt on theories of visual tilt aftereffects which deal with the visual 
system alone. Since normalization occurs relative to gravity, 1- 
respective of body position, there must be postural information for 
the inclination of the body to gravity, and this must interact with 
that from the visual system. That such information for body posture 
can be utilized has been clearly shown from experiments concerned 
with visual orientation during 1622 The interaction of the visual 
with the postural system is entirely consistent with the data on the 
visual aftereffect, following prolonged head or body tilt.!? Visual 
orientation with head upright is systematically influenced by prO" 
longed tilt such that the visual vertical is shifted in the direction 0 
Previous tilt. Gibson’s theory of adaptation to a pereeptual norm 
may be able to handle these data in broad terms, although there 
Was no attempt to specify this perceptual norm. The present experi- 
t this norm may be gravity, although there exists 
t it may be the visual vertical, Since the visus 
Correspondence to the gravitational vertical dur- 
ате consistent with this interpretation. 
ndirect evidence that normalization occurs to the 
n the gravitationa] vertical. The faster discrimina" 


tive reaction times to vertical lines, as opposed to oblique lines, W9 
пр. H. Day and N J. Wade, 1 ү 
+ ae Le ü 4 1 i ten 
дра after-effect fron prolonged head tin’ 07 ee o, 1968, 
ps nsi Wade, ш сй. ESAE шнын loc 
5 Dauermeister, . сі; Mi 0 i ад 
eit. Wade, loc. ci, — —. Miller, Fregly, van den Brink, and Graybiel 


13 Day and Wade, op cit., Science, 154, 1966, 1901 
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ee 
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not as pronounced with head tilted 45?.!* Under these conditions an 
Е effect would have been generated; т.е. the visual and gravita- 
tional verticals would have been slightly separated.!® This differ- 
ence in reaction times may have been due to the apparent tilt of the 
gravitationally vertical line. 


SUMMARY 


Two experiments were conducted to investigate whether visual 
normalization occurs in the direction of the gravitational vertical 
or the retinal meridian. These latter were separated by measuring 
t е visual tilt aftereffect during lateral body tilt. Conditions under 
Which the inspection line was gravitationally vertical but tilted 
Telative to the retinal meridian, and in the retinal meridian but 
tilted relative to gravity, generated opposite predictions from the 
Sravitational and retinal hypotheses. The results from both experi- 
ig indicate that normalization occurs toward the gravitational 
ference. The possible effects of ocular countertorsion, the E effect, 


an У : 
d postural adaptation were discussed. 


14 Аце 
ave and Ol : 
15 Wade, loc. "o son, loc. cit. 


VERBAL-DISCRIMINATION LEARNING WITH мэ 
VARYING NUMBERS OF RIGHT AND WRONG TERI 


By Benton J. UNDERWOOD and Jorn S. FREUND, 
Northwestern University 


When words are presented S in a verbal-learning task, nee 
characteristics or attributes of each word may become a part 
the memory for the word. One of these attributes is the ange! 
of presentation in the experimental situation, for it is known m 
judgments of differential frequency of presentation are quite рз 
rate even when S is not anücipating that such judgments wil of 
called for. This ability to make rather fine discriminations in 
frequency provides a plausible basis for the assumption that бз 
verbal-discrimination learning the detection of frequency difference 
is a basic mechanism in the acquisition? In the usual verbal- 2 
crimination task, pairs of words are presented, one word in ^ 
pair being arbitrarily designated as the correct or right (R) у ; 
the other as the wrong (W) word. When presented for learning : 
the anticipation method, the pair is shown briefly followed by t is 
appearance of the R word only. As a working assumption, 5 
presumed that as a consequence of these procedures the R wor 
gains two frequency units on each trial; the W word, one unit. : | 
this difference in frequency is sufficient for a discrimination, ny 
be correct in choosing the higher-frequency word after a single tria!- h 

A test of one of the more counter-intuitive predictions ai 
e theory was reported in an earlier article? ТР 


ё * зайн for publicati mi 
ontract Nonr-1228(15). Proj 4-05 p. UE rd 
sity and the Office of N roject NR, 154-057, between Northwestern! part 38 


St 7 i 
ІВ. Ј. Underwood, Some correlates of ntes Goverment ИНӘ 


i ukstrand, W, P. Wallace, and B uency 
of verbal-discrimination learning, Psychol, kdo ead, А Dad 
3 Ekstrand, Wallace, and Underwood, op. cit., 566-578. 
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should be 4:1 i . 
latter sone ius i of the R word after a single trial, while in the 
units. In faci, if тэм the W word and the R words should gain two 
queney Siemon hese values are correct, learning based upon a fre- 
However, the те should be impossible in the second paradigm. 
ported os А, asig notion of the theory was assumed to be sup- 
easier task tha = ок shown that the 1R-2W paradigm was a much 

Asa epee рэн produced by the 1W-2R paradigm. 

€ influence P ws present study was a systematic exploration of 
ngth here 4 : отут numbers of R and W words. The list 
Were either 2 p s ЗЭВ 12 pairs. In one set of four conditions, there 
erent W ор 1 , 6, or 12 different R words, with the number of dif- 
dicts that 21227 at 12. The frequency theory clearly pre- 
words, When the rate should be inversely related to number of 
Six different Ww 18 were only two R words, each was paired with 
erential would T After a single study trial the frequency dif- 
Scour after a si ч 12:1 in favor of the R words; learning should 
Tom 2 to мут е study trial. As the number of R words increases 
Would бинк , the frequency differential between R and W words 
ingly. ase and the learning rate should be retarded correspond- 


le 


s, the number of different 


Ina 
Comparable set of four condition 
the number of different 


Wor 
Y B pes held constant at 12, with 
Queney Fe 2, 4, 6, or 12. With only two W words, the fre- 
avor of the ү, for a pair айега single trial would be 6:2 in 

Scriminati word. If this difference were sufficient for a frequency 
Quent Шалган and if S followed a rule of choosing the least fre- 

OWever Wn of the pair, learning should occur on à single trial. 
Teverseq "s can be seen that the frequency difference (2:6—here 
Parallel a comparison) was appreciably less than in the 
№ list (12:1). With four different W words, the R:W ratio 


88 9. : 
shou] » with six W words, 2:2. Therefore, the difficulty in learning 


incre : 
авс as the number of W words increases from two to 
nt W words, the 


Six di 
» ће : 
task iia being maximal at six. With 12 differe 
i € typical become easier, for with 12 W words and 12 R words 
Wor o task), the ratio after a single trial should be 2:1 in 
f the R word 


pit. ANY METHOD 
ne n ! xs contained 12 pairs of moderate-frequency, two-syllable nouns. 
“Эн, With six Pee R words were used as correct words, each being 

Pt th ifferent W words. Exactly the same list was used as List 2W 


at th R 
e two words which were correct words in List 2R were incor- 
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rect in List 2W; thus, each W word was paired with six different R р 
List 4R, four different R words were used (the two appearing in List 28 ги 
two more), each being paired with three different W words. The roles of ЯН 
words (i.e. whether correet or incorrect) were reversed in List 4W. List h 
contained six different R words (those four used in 4R plus two more), а 
paired with two different W words; for List 6W, the roles were reversed. ps 
12R and 12W were exactly the same, but with 12 of the words correct in © 
version, and the other 12 correct in the other version. E 
Procedure and subjects. Learning was by the anticipation method. The ү 
occurred together for 1.5 sec, after which the shutter of the memory ge 
lifted to expose the correct word alone for 0.5 see, The intertrial interval эс 
2 sec. On the first trial S did not guess. Following this study trial, four Бэ 
pation trials were given, S being instructed to respond to each pair by са A 
out the word he believed correct. During the 15-в2с, exposure period © 


6 É Ё ; across 
word occurred above the other, these positions being varied randomly 
trials, 


ized 
A total of 20 Ss was assigned to each of the cight lists. Lists were prp 
within each of 20 blocks, and S was assigned to a given list in order o 
appearance at the laboratory. All Ss were college students. 


RESULTS 


Since all Ss responded to each pair on each anticipation trial, ws 
rect responses and errors were reciproeal. For presentation pp: : 
mean errors are used as the response measure. A plot of mean awe 
on (anticipation) Trial 1 and a plot of mean total errors paie 
Trials 1-4 showed essentially the same relationships. Mean erro 
on Trial 1 are plotted in Fig. 1. he 

Looking first at the results for the R lists, it can be seen that t 
mean numbers of errors increased directly as number of йөген 
R words increased. Of the 20 Ss given List 2R, 16 showed vp 
performance on Trial 1; the remaining four Ss produced 8 total Is 
five errors. A total of two errors occurred on Trial 2, none on Tria 
3 and 4, Thus, a single study trial produced nearly perfect learning 


H . i e 
On List 4R, eight Ss made at least one error on Trial 1; 10 Ss ir 
on Tria 1 for List 6R; and all 20 Ss made at least one error ОП 


i 1518 
On List 2W, 15 Ss made at least one error on Trial 1; and on йн 


4W and 6W, all Ss made at least r is trial Performance 
on Liste 4W ana ae one error on this trial. this 


1.67): 
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A 
2 
о 


Mean Number of Errors 


2 4 12 


6 
Number of R and W Words 


Fra. 1, N 
- Mean Errors IN LEARNING as A FUNCTION OF NUMBER ОР 


R лмр W Worps 


R an 

23 алийн and the interaction of these two variables were 
v the R li leant statistically. However, with so many zero scores 
‘Oned, T] ists, the appropriateness of the analysis may be ques- 
ři he results for the R lists appear clear from the plot in 
sis was performed on the scores 
= 8.84, p < 01, indicates that 


herefor 
for the f efore, a separate analy 


th ts уе eee 70) 
PoPUlation у that these four means came from the same 
y - The nonmonotonie nature of the function is indicated 


differed signifi- 


Ne fa 
ашу “эн that the means for Lists 2W and 6W 
(t = 2.80). 


= 3.48), as did those for Lists 6W and 12W 


p 5 Сот Discussion 
з E oe approach to an interpretation 0 
апа on “Зарын for the Ss given List 98 could be that 8 
evid nstructs ж udy trial that there are only two correct words 

псе to q iimself to respond always with them. There is no 
eny this possibility. However, to be consistent, such 


{ the nearly 
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an interpretation must also be applied to the Ss given List ын 
it should be equally plausible for 5 to instruct himself never to 
spond with the two W words. Yet, performance on List йн яа 
appreciably poorer than that on List 2R. On the other han ee 
frequency difference for R and W words was less for List 2W эм 
List 2R, which, according to the theory, would make List 2W a mo 
difficult task than List 2R. "? 
The results for the R lists were quite in accord with the i oe ан 
tion, from the theory, that as number of R words increases the : А 
queney differential between R and W Words decreases, thus nga 
ing the discrimination more and more difficult. The results Vs 
the W lists also conformed in general to expectations from ie 
theory, but one detail did not, The theory prediets that as € 
of W words increases, difficulty in learning first increases and gud 
decreases, and this was found. However, the point of maximu 


: ist GW: 
difficulty, according to the theory, should have been for List 6W, 


Ww 
where the frequency units should be equivalent for the R and 
words. The results 


showed that List 4W was slightly more dificult 
than 6W. How seriously this failure of the theory should be taken 
not clear. It is possible, perhaps, that when a frequency diferen 
is initially indiscriminate (as it might have been for both lists), 


þ- 
8 turns to other characteristics or attributes of the words to esta 
lish the discrimination. 


SUMMARY 


The frequency theory of verbal-discrimination learning шин 
two predictions concerning learning difficulty as number of er 
words and number of incorrect words are varied, holding iur n 
number of pairs in the lists constant. First, as number of pet 
Words increases, list difficulty should increase corresponding 


Second, as number of incorrect words increases, difficulty eee 
first increase and then p^ 


01 12 pairs. In four list 


JUDGMENTS BASED ON DIFFERENT FUNCTIONAL 
RELATIONSHIPS BETWEEN INTERACTING CUES 
AND A CRITERION 


By Srantey А. Summers, San Fernando Valley State College, 
мы боммєкнз, IBM Corporation, Los Angeles Scientific Center, 
and Ушсгхтл Т. Kankav, San Fernando Valley State College 


Human adaptation is based in large part on the capacity to 
IScover fixed relations among the varying conditions of the envi- 
ronment, as a means to interpret these conditions accurately and 
о deal with them appropriately. Certain conditions are useful 
Cues because of their relationship to other, more intrinsically im- 
Portant conditions, Relationships that may be described by mathe- 
matical functions link such cucs to those conditions that individuals 
need to predict or interpret. In most situations, apparently, judg- 
i are based on several cues, and the joint function relating 
criterion to these cues may be quite complex. | | 
n the experiment een D the form of a functional relation- 
P between cues and criterion was varied. Different patterns 
criterion values were presented as feedback to different, groups 
8. In this way different functions were established between the 
Sümulus dimensions which served as cues and the criterion 
е s € Which was to be predicted by the Ss, For one group the es 
ct value of the predicted variable depended on the sum of the tw 
ор aues; for another group, on the product; for the third and iom 
PS one cue value was raised to a power dependent on the ot T 
9 i ite. Each of these particular functions—additive, multip : 
tay 1 and exponential—represents a distinct way n which two E 
u interact. The experiment, asked whether learning would occu 
r each of these forms of relationship between cues and eo 
Wheth ether the accuracy of response would differ. It also с 
€r the Ss would use curvilinear aspects of the relationship 
Wo aether the relation of their learned responses to the cues 
à = мэ i ip pr 4 rather than to have 
Me fix o match the relationship presented rs 
* ed form, such as linear. 


Poriesteiveg fi — ch reported was Sup- 
à dta , 1968. The resear 1 1 
час FS by Grant 30110 (A) from the National Institute of Menta 


Shi 


two 
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The problem of judgments based on interacting спев hol pe 
sidered by Thorndike.! He emphasized complex — leen 
cue interactions in the judgment of job fitness and praised ? ility 
the existing systems of formal evaluation, the human judge's ae 
to utilize complex relationships: “The formal systems of ike oe 
have used symptoms merely additively. . . They ... инн ЕУ 
sensed the importance of the multiplying effect of certain ү 
upon others. The competent impressionistic judge wns "3 
respond to these interrelations of the facts and sums up m his ЎЫ] 
mate a consideration of each in the light of the others. samt 
studies using Brunswik’s lens model? which provides a ul 
tional framework to measure relations between cues and predic : 
variable, have demonstrated successful utilization of multiple "ine 
whether each cue was related in a linear or nonlinear way = tèr- 
predicted variable. In another study, this one involving the in ү: 
action of cues, Ss learned to estimate accurately the worth ri- 
ellipses that varied in size, shape, and color? In the present wes 
ment, cue values were embodied in naturalistie stimulus iier {С 
the cues were characteristies of projected color slides designed n- 
represent highly magnified samples of blood. Different pons 
Ships were established between these characteristics of a sing 


. 5 А : : 8 j ack 
Series of slides and the varied quantitative information fed b 
to different groups of Ss, 


METHOD 


" of the 
Task and subjects, The S was required to estimate the age in hours 


. y à 2 ach re- 
simulated blood cells shown in each of 640 color slides. After making am o 
sponse he was given feedback as to the ‘correct’ age. Each of the four се хас 
Ss was presented With the same series of projected slides, but cach gro 


H . is nteer? 
given a different set of feedback values. The Ss were 64 student volu 
from undergraduate classes, 

Materials. Each о 


ina- 
tion (AA, АВ, . 


b 
f the 640 stimulus slides was identified by a letter com The 


-4 which corresponded to a label on 88 answer eei 9 
slides had been Photographed in а sequence that was random with respe igh 
cue values. Each slide contained two relevant cues, each of which had ыг 
possible values. Cue 1 was based on the amount of crushed dark glass 8085 


арг 
across the background. Cue 2 was the size of the rough gray disks on o 
peared in each slide, There were m 


also nonrelevant variations in exact i 
? hots 
А gis] horndike, Fundamenta] theorems in judging men, J. appl. P5V^ 
» 1918, (9. ica 
2 Egon Brunswik, Perception and the Representative Design of Psycholog 
Experiments, 1956. 


«ions 
ч . З cielo 
8 D. B. Yntema and W.S, Torgerson, Man-computer cooperation in de 
requiring common sense, IRE 
26. 


1-2, 
Trans. Hum. Factors Electron., 1961, НЕР 


backgrou Я 
Sais шэнэ i background, number of disks, number of small red 
slides was еи анде, and positioning of all the elements. Each of the 640 
values appeared 10 2 unique, although each possible combination of the cue 
Ss wrote thei imes (once in each block of 64 trials). 
with feedback Ue ie on cardboard strips which were inserted along 
feedback sheets w. els into 8% x 11 in. transparent plastic envelopes. These 
strip, 8 could T arranged so that after writing an answer on the cardboard 
through a hole di se strip and then see the correct answer for that trial 
every response and ача This method provided immediate feedback after 
Plastic envelopes : : so produced a record of every response. Each S used 10 
rocedure. Эндэ: 1 envelope containing the answers for one block of trials. 
Ocks of 64 trials y 4 trial a slide was projected for 15 sec. Each S received 10 
slides сОНЁ нө T blocks on cach of two consecutive days. Each block of 
€ eight value. d all possible combinations of the eight values of Cue 1 and 
s of Cue 2 
TI nstructions began: 
415 18 с ч 
їйлєп te ee on learning. Today and tomorrow you will be learning а 
mulated, highly zi will see a serics—a long series—of color slides showing 
3 10 cells shown шшш Bloog cells. Your task will be to estimate the age 
Rae the correct age th 5 ide. After you make your eigen Y 3s 
trop, 9m. many sli T bef task is difficult, and you probably wi need feed: 
fonal difficult to ава efore you learn to make good estimations. It is ex- 
1 соте the bett get exactly the right answer for each slide, but the closer 
YS 16 slides you en pann goal should be to come as close 
IT task is to Өв 1 sce show blood cells anywhere from 
e amber estimate age (between 0 and 100 h 
8 then тосо, Ane vary from slide to slide. 
ene болн aie instructions on use of the materia 
pote his esti d but reccived no feedback. On each trial 
ack e stri, imate of blood-cell age on the cardboard strip. 
8 ere m нарк the correct answer for that trial. А 
Опа relation e experimental conditions, corresponding to the four func- 
eXperime: Ээж and cach S was assigned to one condition. The Ss of differ- 
reatment e ntal conditions participated together, and all Ss received the same 
» except for the answers presented to them as ‘correct’ blood-cell age. 


Cse апуу, 
SWers were computed as follows: 
100 (сү + с — 2) + 5 
14 
100 (ee — 1) +v; 
63 
100 (сүг - 1) + v; and 
7 


Where 100 (+в — 1) + 95 
Dump Ч and Ce 8j d i 

| 1 ov Chosen re the values (1,2, . .. 8) of Cue 1 and Cue 2, and where v 15 8. 

loj 2). ando randomly, with equal probability, from the values {—2, —1, 0, 

Acreage th m variation (v) was added to answers of 13 or greater 1n 

© number of correct answers for each function, but no answer 


| INTERACTING CUES AND A CRITERION 205 
| 


аз you сап. 
0 to 100 hours old. 


ours), using as cues 


15. On Blocks 1 and 
1 of Blocks 2-9, 8 
He then pulled 


Condition 1, Age — 
Condition 2, Age — 


Condition 3, Age 


Ш 


Condition 4, Age = 
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was allowed to exceed 100. The Ss in Conditions 3 and 4 were given Ше ГЛ 
exponential relationship, but with the roles of Cue 1 and Cue 2 reverse! an 
functions contained a substantial linear component; the correlations of co хи 
value (before addition of v) with Cue 1, with Cue 2, and with both p 
linearly combined were: Condition 1, 707, 707, 10; Condition 2, 665, .609, 
941; Condition 3, 574, 666, 879: and Condition 4, 666, 574, 879. | Ч 
From five to nine Ss participated at one time, each session involving gs 
imately the same number assigned to each experimental condition. Materia 
were distributed through the experimental room in a counterbalanced we o 
ment before Ss arrived; Ss were then allowed to choose their own seats. ^ : 
entire procedure took approximately 1% hr. on each of the two consecutiv 
days. A 10-min. rest period followed the third experimental block of each day- 


RESULTS 


The results were analyzed to provide answers for these ques- 
tions: (a) Did Ss within each condition improve in performance, 
and was this improvement reater in some conditions than in rd 
(b) Did Ss make use of the curvilinear as well as the linear aspe? 1 
of the functions presented to them? (c) Was there an pcm 
tendency to respond to the cues in a linear way or some эн 
preferred way? (d) Did Ss eventually match the function to whic 
they had been exposed? р 

Two measures of Tesponse accuracy were computed for = 
S's responses on each block. The first measure, called the achieve" 
ment correlation, or Та, 18 the Pearson correlation coefficient, id 
puted over the 64 trials within each block, between S’s respon? 
and the correct Tesponse values for his condition. Thé 80001 
measure, called MSD, is the mean square difference, within 8 
block, of S's responses from the correct values. These two mm 
erent characteristics of response. T 
measure of response accuracy, it depends 2 
ion of correct values for a function as сй 
Tesponses to cues; rz shows the comm 
sponses, 


88 on the relation of 
variations in cues and ге 


in Fig, 2 ‘ons 
: Я -4. п 
An analysis of varlance was performed on the z transformatlo” 


8 
cro f Mats dor Ga sieht nales sath d The па 


Heant overall block effect, F (7,420) = VE 
P « .001, and significant block effects within all conditions, 
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0.8 


0.6 


0.4 


| и CONDITION | 
j CONDITION 2 e— — —® 
3 CONDITION 3 0—'—0 
CONDITION 4 m--—-73 


MEAN CORRELATION 


0.2 


BLOCKS OF 64 TRIALS 


wira Correct VALUES 


Fra. 1 
31. МЕ 
Tran CORRELATIONS OF RESPONSES 


= 502, p « 001; Condition 2, 


= 19.92, p < 001; and Condi- 
as also significant, 


73 5 
P git each F: Condition 1, F 
Чоп 4p ihe .001; Condition 3, F 
a (8:60) = ч р < 001. The condition effect w 
n 3 Performed р < .001. Fig. 1 shows that Ss in Conditions 2 
one Gon’, Th best throughout, and those in Condition 4 per- 
5120) = 1.59 a х Condition effect was significant, Ё 
lar : jm 
ic. med on ok were obtained when an an 
, F man MSD scores. The overall bloc 
p hin all fo 0) = 35.80, p < 001, as were 
P = 3.54 б ur conditions, df = 7,815 for each 
= +P < .01; Condition 2, F = 5.61, p < · 


alysis of variance Was 
k effect was signif- 
the block effects 
F: Condition 1, 
W 001; Condition 3, 


54 
боп; 2% 
зор айна 001; and Condition 4, F = 16.80, р < 001. The 
ct was significant, F (3,60) = 3.34 P < 05, and the 
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1600 [ Ч 
\ 
1400 \ 
\ 
\ 
Lu 
1200 \ 
z 1! CONDITION | o———° 
ce Ч| \ CONDITION 2 e— ——9 
i- 1000 11 CONDITION 3 a—-—4 
5 3 CONDITION 4 Ш----08 
ш \ 
& 800 
= 
[e] 
(7) 
= 600 
ш 
> 
400 
200 


BLOCKS OF 64 TRIALS 


FFERENCES ОЕ RESPONSES FROM CORRECT VALUES 


Fic. 2. Mean Square Dr 


Block x Condition eff ificant, F (21,420) = 1.88, 
p< 05. Both r, and MSD analyses thus nde that performance 
Hüproved over blocks, for all types of feedback, that response Be 
d differed across conditions, and that Sirena was differenti? 
learning among the conditions. 


ect was also sign 


Use of curvilinear йн 
aspects. Hur. ursch 

Scribed a techni Ї "най engi i ap 
ique for determining whether Ss are making СО! 
use of the nonlinear relations between cues and the variable tO 
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predicted.* : 

two 2 Fere C is defined as the correlation between 

зы аси E ~~ variances, one in the predicted variable and 

evana axe esponses. These residuals remain after removal of 

A high C des aas for by multiple correlation with the cues. 

ЭЛ 9 between тэн indicates that S is correctly using а nonlinear 
Hf the environ he cues and the correct response values. 
бараг oe mental relationships are completely known, C can 

m response data using the formula:® 


_R +R,- ë $$. BR 
Ta = ile жый, + 0v- RUL- Е) 


wher А ; 
tion uu achievement correlation, R2, is the multiple correla- 
menta] Reden CN correct value, computed for each experi- 
"s Tena нь 2, is the multiple correlation between cues and 
Squared differen mputed for each block, and Ф, is the sum of the 
each cue with шон between utilization coefficients (correlations of 
each eue with response and validity coeficients (correlations of 

панна correct value), computed for each block. 
ОГ each S. io a C value was computed for each block of responses 
Puted using bi 3 shows average C values for each condition (com- 
O'med on i icr in at An analysis of variance was per- 
Omitted Bent values of Conditions 2, 3, and 4 (Condition 1 was 

е block icr it was linear, and all C values were exaetly zero). 
101, and hr o was significant overall, F (7,315) = 1837, p < 
"x 499 hin conditions, df = 7,315 for each Ё: Condition 2, 
tion 4 P 2 < 001; Condition 3, F = 14.13, P < .001; and Condi- 
(2,45) _ 3.57, p < .01. The condition effect was significant, F 
(14.315) 105; p < 01, as was the Block X Condition effect, F 
Mear 9064) 1.82, р < 05. The results show that Ss in all the non- 
Ships, ditions made increasingly correct use of nonlinear relation- 
on Block 1 (before feedback) 
alues. An analysis of 
lations showed that 
functions, Ё 
Function 
4, 19. Of 


баина tend 
Te Corr 
Vari 


ency. Each S's responses 


f А У 
2 transformations of these corre 


4 
Q 
боцц 7. Hu " 
60, iderationg ОР K. R. Hammond, and J. L. Hursch, Some methodological 
Бар multiple-cue probability studies, Psychol. Rev. Tl, 1964, 42- 
» На 
mmond, and Hursch, op. cit., 52. See Formula 23. 
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e— — —e CONDITION 2 
D—.—ü CONDITION 3 
O.5[7 s-----a CONDITION 4 7-0 


MEAN C (CURVILINEARITY) 


2 4 6 8 p 
BLOCKS OF 64 TRIALS 


Fic. 3. Mean C VALUES (CunviuiNEAnITY) 


the 64 Ss, 44 had their smallest MSD scores for the linear function 
Responses on Block 1, then, were closest to the linear function. 


Function matching. On Block 9, the last block with feedbacks 
the responses of 37 Ss correlated more highly with the particular 
function presented to them than with any ‘of the other three func 
tions. The Tesponses of 51 Ss had the smallest MSD scores for ын. 
own function. Chi-square tests were performed for departures witht 
each condition from the number of Ss expected by chance to шэн 
the closest match (highest т„ or lowest MSD) with their function 
For то, significant y?s were obtained for all but Condition 4: p i 
001; Condition 2, x2 (1) = 4.1, p < 05 
41, р < 001. For MSD, significant х, 
conditions: Condition 1, x2 (1) = F 
X (1) = 141, p < 001; Condition 3, X 
; and Condition 4, x (1) = 104p < Sr 
. n CODCY to use a linear function, the Ss gener? 
came to match their own function most closely. i 


Discussion 
In each condition the 881 


ханах 
| А earned to use successfully the particu! - 
relationships presented to t 


n 
hem. Also, they learned to use the ? 
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li 
The && rey oi 5 relationships, responding to cue interactions. 
required: a ee, inear aspects in spite of the fine discrimination 
allowing quite ac linear component was present in all functions, 
The Ss “М E SHEER predictions from purely linear responses. 
they used a es not limited to a linear response mode. Although 
learn to ms unctional relationship successfully, the Ss did not 
physical спе e: completely correct responses. The interaction of 
88 рогаті. haracteristics with a functional relationship may be 
accuracy ХЇНС: thë form of the relationship itself in determining 
of the two » hough Functions 3 and 4 had the same form, the role 
Most accur: аг bae: reversed; responses in the last two blocks were 
In Spite of en Эр Function 3 and least accurate for Function 4. 
S was im md limitations, however, the overall accuracy of the 
his pressius 
and eat ori was characterized by the perceptual difficulty 
The ate of the task, and by the large number of trials. 
8e tings яс therefore suggest that humans in nonexperimental 
ound, uoa А use whatever valid relationships are to be 
lon to 8n i exibility would count much more 1n successful adapta- 
environment than would any fixed mode of response. 


The for SUMMARY 
Varied, The of the function relating cue and criterion values was 
lated blood. cues were two stimulus dimensions on slides of simu- 
Oups ot г-м. the criterion was the age of ће cells. Each S in four 
6 undergraduates was presented with one particular 


Telationsh} 
"ship (linear, multiplicative, or exponential) and attempted 


0 

predi à 
th lct the criterion values from the cues. The Ss learned over 
they were exposed, 


e 

5 ij, ie to use the relationship to which 

terion ind by inereased correlations between responses and cri- 

Values, Tt by decreased differences of response from criterion 

nd, in s "i valid use of nonlinear components increased over trials 

Benerally n е of an initial tendency to use à linear function, the Ss 
came to match their own function most closely. 


INTRA- AND EXTRADIMENSIONAL SHIFTS IN 
RETARDATES AS A FUNCTION OF 
DIMENSIONAL PREFERENCE 


By ТовЕрн C. CAMPIONE, University of Washington 


arns 
In the simplest form of concept-shift experiment, the = ane 
а series of two problems, an original problem and a trans sem 
lem. The type of shift is defined by the relation between the ын 
cues of the original and transfer problems. In an оро сэв 
(ID) shift, the relevant cues of the two problems lie à Sont 
same dimension. In an extradimensional (ED) shift, the r than 
cues of the transfer problem lie along a different d from 
those of the original problem; e.g. the positive cue is ape à 
‘red’ to ‘square,’ A large number of experimenters have (HER 16: 
performance on ID and ED shifts and have obtained vaste? 
sults. ID shifts are learned more quickly than ED shitt if chil- 
monkeys,? preschool children,? retarded children, grade-sc theories 
dren, and adults.* These data are consistent with chaining hit 
of discriminative learning in which the first link of hte 
is a response to some dimension of the discriminanda.? The 


was 
* Received for publication October 25, 1968. The research apes о 
ported by Grant М-1099 from the National Institute of еш Zeaman 8 is 
U. S. Public Health Service, The author is indebted to Drs. oe ict of the T is 
Betty House for their suggestions and aid throughout the с БН of Fran. 
search. Grateful acknowledgment is also made for the cooperati 1, and Low 
P. Kelly, Superintendent of the Mansfield State Training School, иш 
oly, Director of Training of the Longley School. : sional sh! 
1B. E, Shepp and P. D. Eimas, Intradimensional and extradimen 
in the n J. сотр. physiol. Psychol., 57, 1964, 357-361. 


guce 

ceys on 507 

? B. E. Shepp and A. M. Schrier, Performance of macaque monkey sychol» 
cessive intradimensional and 


i J В L 
1065 extradimensional shifts, J. comp. physto 
968, in press, 


jo? 
iscriminatio 
VD, J. Dickerson, Performance of preschool children on three discrim 
shifts, Psychon. Sci., 4, 1966, 417-418. 
x Я 


sup” 
f the 


d 

3 ifts 20. 

; ©. Campione, L, М. Hyman, and David Zeaman, Dimensional shy | 065, 

reversals in retardate discrimination learning, J. ezp. child Psychol, T 
255-203. Ч 

5Р. D. Eimas Effects of oy ertraining and age оп intradimensional 2 " 

tradimensional shifts, J. exp. child Psychol., 3, 1966, 348-355. к ip of tra? 

°K. H. Kurtz, Discrimination of complex stimuli: The relationship " 

ing to test stimuli, J. exp, Psychol., 50, 1955, 283-292. a Sym 

* №. 8. Sutherland, Stimulus anal 


f А : а. 

1 zing mechanisms, in Proceedings ong D 
posium on the M echanization of Thought Processes, Vol. 2, 1959, 5 crimina" 
vid Zeaman and B. J. House, The role of attention in retardate dis 
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link (dubbed “instrumental learning” by Zeaman and House) 
consists of the attachment of responses to the cues (e.g. red and 
green) of the observed dimension (e.g. color). 

The present experiment was an attempt to separate two classes 
Of chaining theory which differ in their choice of а theoretical de- 
Pendent variable. Theorists have assumed that reward and non- 
стага affect either the probability of attending to a dimension 
or the strength of a dimension. While it may appear that the choice 

pends primarily upon mathematical considerations (probabilities 
We easier to work with and easier to relate to behavior), such 
S entirely the case, since the choice can lead to different sets 
ri Predictions. The variable of interest, dimensional preference 
(whieh has been shown to affect performance on reversal and 
e reversal shifts) 8 is relevant because different predietions about 
S “Чг on the ID-ED comparison can be derived from Шинээ 
“Өвс chaining theory. According to the one-look model of i 
ns Mud House, the effect of rewarding S for responding to a m 
War dimension is to increase S's probability of attending to ыг 
“om on subsequent trials and to decrease his pu 
u ending to any of the competing dimensions? In this mod Ч : 

deu Hte observing-response probabilities must be unity. For - 
ati e consistently choosing the positive stimulus, his en a 

peus to the relevant dimension must be high and his se 2 a 
Ч ending to any of the competing dimensions very low. - 
by ee performance differences between ID ant ED нс 
abilities and independent of the initial depu PRO 

ча and, therefore, independent of the original di : б 

ences of 8. The only effect of dimensional preference сүл 

tendia on original learning. Since 98 initial эрээ" bg 

attend: to a preferred dimension is higher than his pro is eoe 
lem "ie to a nonpreferred dimension (by definition), oat 

Problem faster when his preferred dimension 18 relevan P 

e model proposed by Sutherland, the dimensions (which 


Tros | c i h 
Pond to his “stimulus analysing mechanisms”) are assume 
вау; 
Ming ; 
Хр. BN R. Ellis (еа), Handbook of Mental Deficiency, 
"y 3, 1968 315 5 attention theory of discrimination learning, 
ОБУ and Х 1 i i -orsal and 
Mores miley and M. W. Weir, Role of dimensional dominance in e" ion. 
Ver L. s shift behavior, J exp child Psychol., 4, 1966. 296-3! 7 ? eats а 
B and naw and R. L. Mankinen. The role of dimensional es 
Zeaman ОПгоуотва] shifts of retardates, Psychon. Sci., 6. 1966, 509 
and House, op. cit., 169 ff. 


1963, 159-223; 
J. math. Psy- 
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to differ in strength.° Using a measure of strength rather м 
probability allows these strengths to vary pu sane А неу 
crease in the strength of one dimension not being accompa i 
by decreases in the strengths of the competing ener a pen idly, 
data generally indicate that instrumental learning proceeds 18 pur d 
so that once the relevant dimension becomes dominant, the uel 
lem should be quickly solved. Also, once the relevant sid Ct 
becomes dominant, S's responses should usually be correct; rease 
through reinforcement, the strength of the dimension should D. at in 
further. It is assumed in the present paper that the incremer e 
the strength of the relevant dimension from the time it crm 
dominant until the problem is solved is some constant c pur n 
while Sutherland did not propose any specific rule relating n 
to behavior, it is assumed here that for dimension B Банн 
dimension A, the number of trials required for B to become ths 0 
nant over A is related to the difference between the strength 
dimensions A and В. th sa) 
Assume we have two dimensions, A (with original streng an 
and B (with original strength s,). Assume further that 86 2 en 
that s, — s, = d. If we train S on an original problem in Fert 
dimension A is relevant, the problem should be solved T Once 
Since dimension A is dominant from the outset of the problem. азе! 
the problem is solved, the strength of dimension A has incre! the 
by an amount д. Thus, at the end of the original pct 
difference between the strengths of dimensions A and р эв 
be d + z. This difference Should be à measure of the dum оп 
rates at which ID and ED shifts are solved following emer е 
a problem in which dimension A is relevant, An ID shift shou T 
Solved rapidly, since the relevant dimension (A) is domm? ioi 
the outset of the problem. In the case of an ED shift, dine pem 
B must become dominant over dimension A before the Mns 
can be solved. The number of trials required for B to ны veen 
dominant should be directly related to the difference маре 
Ње strengths of dimensions A and B (d + х) when dee 


problem is introduced, рет 
Consider now the case in which we originally train S on а р ive 
8 relevant. This problem should be 5 


in which dimension В | ple 
slowly, since dimension B must become dominant before the ЭРЭ 
Comes dominant, the problem 8 


can be solved. As soon ag B be ap sid 
be solved quickly, during which time the strength of dime 


19 Sutherland, loc. cit. 
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B should increase by x. Thus, the difference between the strengths 
of dimensions A and B following solution of the original problem 
should be approximately т. This difference should be a measure of 
rf differential rates at which ID and ED shifts are solved follow- 
P training on a problem in which dimension B is relevant. Since 
T > x, we should expect a larger difference between ID and ED 
ie after training on dimension A (the originally preferred 
dimension) than after training on dimension B. The magnitude of 
се effect should depend on d, a measure of the original preference. 
‘mally, a gross estimate of d can be obtained by considering 
о, emal learning data. To the extent that dis large, Ss Le 
ene original problem more quickly when dimension A is rele- 
R han when dimension B is relevant. 
дэр than assessing dimensional preferences for each 8, ЕВ 
i м was made to manipulate dimensional preference шин 
of akh 3р. Shepp and Zeaman have shown that the a 
чи ending to any dimension depends in part on the physica : уз 
тез. between the cues along that dimension." In the шар is 
an Ment, the stimuli differed along the dimensions of color, wa 
as Size, with the differences in size being fairly large. In this w 
н that size would be the dominant dimension for € " 
sio the Ss were originally trained with size as the relevant imen: 
n, the remainder with form as the relevant dimension. These 
вен, P Oups were then subdivided, with half the Ss in each group 
de Ап ID shift, and the remainder getting an ED shift. pem 
Sign of the experiment was a 2 (Dimension: size vs. 
Te e experimen 
Munt on the айа problem) x 2 (Shift: ID vs. ED) fac- 


ori 
wi A test of the competing theories could thus be made by 


E. i i ET . 
lien PE the Shift x Dimension interaction. The probabilistic 
t predict a signif- 


lea A Proposed by Zeaman and House does no 
Жоц] teraction effect, whereas the strength model outlined above 
Predict the interaction. 


Sub; Мєтнор 
School c^ ns Ss were mentally defective children attending Ше гэрээ 
апа 13 he Mansfield State Training School. A total of 32 chi € d 


Mont 8 SU Completed the experiment. Their МАЗ ranged fro Жий 
i. divide а mean of 50; their IQs from 30 to 67, with a mean of 48. 

4рра а cd into four groups, matched with respect to MA and 1Q. — 
x "5 and stimuli, A modified version of the Wisconsin Genera 
1 
В | юм 
= Ьу. һр and David Zeaman, Discrimination learning of size and bright 

ardates, J. comp. physiol. Psychol, 62, 1966, 55-99. 
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Apparatus was used. The S and E sat facing each other with a one-way ei 
screen interposed. A 30 х 12 in. stimulus tray containing two circular i 
wells 2 in. in diameter could be directly presented in front of S by pushing 
through a space beneath the one-way screen. The entire apparatus, ийг 
the one-way screen, was painted gray. Stimuli were two-dimensional ae 
differing in color, form, and size. Small stimuli were cut from a square 1 in. ын 8 
side, large stimuli from a square 1% in. on a side. The forms used were regula! 
geometric patterns (e.g. circle, square, cross) ; the colors used were red, green: 
blue, yellow, violet, and black. 

Pretraining. Each 8 was brought individually to the experimental pam 
where he was told he was going to play the “candy game.” Pretraining was In 
gun immediately, the reward for a correct response being an M & M candy. ” 
addition to the candy, correct responses were verbally rewarded by СН 
and incorrect responses ‘punished’ with “no.” Each S was run on a two-chol li 
visual discrimination employing two randomly selected ‘junk’ stimuli (шо 
differing multidimensionally in size, shape, color, texture, сїс.), The position i 
the correct stimulus was varied according to a Gellermann series. A goet m 
procedure was used throughout the experiment. Training was continued : 
25 trials a day until 8 reached a criterion of 20 or more correct responses ОР 
given day. Ss not reaching criterion in four days (100 trials) were droppe 
from the experiment. À total of four Ss was dropped for this reason. — бой 

Original learning. Half the Ss were given a two-choice visual discrimina Ё 
problem in which size (form) was relevant, with form and color (size ? 
color) irrelevant and variable within trials. With three visual dimensions 87, 
Position varying, there was a total of eight possible stimulus settings. Бас: á 
these settings appeared twice in each block of 16 trials. The order mithin ie 
block was random except that no setting appeared on two consecutive p^ 
and that there were never more than three consecutive rights or lefts. ший 
colors and forms were selected randomly for each S. Of those Ss who We е 
originally trained on a size problem, half were rewarded for choice of the e 
stimulus, and half for choice of the small stimulus. Training was continue 
a criterion of 10 consecutive correct responses, Ss not reaching criterion 10 Дей 
days (100 trials) were dropped from the experiment. A total of eight 88 fai d 


. . ВИС ii 
to rench criterion on the original problem, seven failing a form problem 
one a size problem, 


Shift problem. Im 


four 


9 igi sd 
mediately after S reached criterion on the original P t 
elevan 


Э Further, it was deemed important to kenn ams: 
sizes the same on the original and shift m jve” 
relevant on the original problem, half were РИ 8 

was relevant. (ID shift), the remaining ur e 
vant (ED shift), For the ID group, the PO” re- 


n stimu” 
plem, 
oí 
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four Ss who had been rewarded for choice of the large stimulus on the original 

Problem and four who had been rewarded for choice of the small stimulus. 

Half these Ss were rewarded for making the same choice on the shift prob- 

lem, the remaining half for choosing the other size. In essence, half the Ss were 

ee а continuation of the original problem (with novel irrelevant cues), and 

ED were given a reversal (also with novel irrelevant cues). For the 58 in the 
group, the positive stimulus was determined randomly for each 5. 


RESULTS 


| To correct for heterogeneity of variance, all analyses were carried 
= using logarithmic transformations of the raw data. The de- 
е " : ae 
Ndent variable was log (trials to criterion + 1). 


a ol learning. A 2 (Dimension) x 2 (Shift) factorial anal- 
из of varianee was performed on the transformed original-learning 
ata, The only significant effect was due to dimension (F = 10.63, 
= 1/28, р < 001), indicating faster learning when size was the 
evant dimension. The Fs associated with shift and the Shift 


mension interaction were less than one. 


шин Problem. The geometrie means (trials to criterion for 
the ID groups were as follows: after training on а size proh ES 
traini shift required 5.4 trials, the ED shift 34.1 trials; after 
oe 9n a form problem, the ID shift was learned in 5.7 trials, 
"m shift in 7.3 trials. Again, a 2 X 2 factorial analysis of 
quee was performed on the transformed data. The main effects 
oot et, and shift were reliable ич ми pauka 

t А P = 18.16, df = 1/28, p < :001, respectively), as We 
ihe Shift x Dimension heats OF = 1037, df = 1/28, p < 
Ч To follow up the interaction, Ё tests (based on the analysis 
. tance error term) were carried out comparing ID and ED 
t Performance following training оп either a size or form prob- 
ig. owing training on a size problem, ID shifts were learned 


signif x 
: "antly more quickly than ED shifts (t = ау. d = сз 
ollowing train- 


re] 


ing on Whereas the shifts did not differ in difficulty 
a form problem (£ < 1). 


Discussion 


зай results of the original-learning analysis indicate жиз Чо 
the ж ation of dimensional preference was successful. Ss learne 
ai 6 Problem significantly more quickly than the form p 
Ss, mg hat size was the preferred dimension for most of the 

Similar conclusion is reached if we consider the number of 
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failures on the original problem. Of the eight Ss who failed to 
reach criterion on the original problem, seven had form as the 
relevant dimension. Using a binomial test, this outcome has a prob- 
ability of occurring of less than .05 (one-tailed test). А 

Considering the shift data, the reliable Shift х Dimension in- 
teraction is consistent with the strength model outlined above, but 
at odds with the one-look probability model proposed by Zeaman 
and House. These results, then, support a model in which the 
acquisition and extinction of selective attentional responses procee 
independently, increases in the strength of one dimension not 
being accompanied by decreases in the strengths of the competing 
dimensions. Before this interpretation сап be accepted, however 
several alternative explanations should also be considered. While 
the results are inconsistent with the one-look model of Zeaman 
and House, they may be compatible with a multiple-look model. 
Ii, for example, the result of training S оп a nonpreferred dimer 
sion is to have him attend to both the preferred and nonpreferte 
dimensions on subsequent problems, the outcome of the prese? 
experiment could be predicted. 

One further explanation also seems plausible. We might assum? 
that the strengths of the dimensions (or probabilities of attending 
to the dimensions) do not transfer perfectly to new problems 05 
more specifically, that the introduction of a new problem lea ^ 
to a change in the strengths of the competing dimensions—a chang 
in the direction of returning the strengths to their original values 
There are some data which suggest that this type of effect ^ 
occur, at least with instrumental responses. (It is generally assum? 
by chaining theorists that the laws which govern instrument? 
Tesponses also apply to attentional responses.) For example, ma 
earlier series of experiments, the author was led to the conclusio 


H H 1 i 2 
^ А mination task were in part arene 
upon the specific stimuli presented.!? In learning a discrimina". 


tying to account for the effects of Pa 


П p 
reinforcement and patterned reinforcement on resistance to exti 


tion.18 


L 
12 : Xp X ] > cho 
1908 fn pr Campione, Transitivity and choice behavior, J. exp. child PSU ЭР 

13 О. Н. Mowrer and Н. М. Jon i ion of the 
tern of reinforcement, J. exp. Psychol, Зб Toa ара ве 


meo 
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A theory which includes a similar feature has recently been pro- 
Posed by Lovejoy. He postulated that the strength of a dimension 
5 determined jointly by three components: the dimension’s distinc- 
tiveness (which remains constant throughout the experiment), its 
directable distinctiveness (which varies as a function of reward 
Юм nonreward within a problem), and the extent to which S has 
me “opinions” about the cues of the dimension by associating 
been with different outcomes. The first component can include bon 
cs preferences of S. Further, since Lovejoy allows the direc- 
i - distinctiveness to change only a slight amount, the major fact 
я Increases attention to the relevant dimension within a prob- 
im Stems from 8% changing opinions about the cues along that 
S When a new problem is introduced, the strength i the 
ave = relevant dimension must decrease sharply, Le 2 
Яа no opinions about the novel cues. Thus, with the intro sa 
Boc problem, attention is determined entirely by the A ing 

e SS And directable distinctiveness of the dimensions, al АР 
in the а! preferences to influence shift behavior, as they di 

© present experiment, 
Пе Lovejoy's model can account for the outcome of the pres- 


periment quite readily, it may be able to do so only at а cost. 


: and the results of 


thi mode] includes а lar r of arameters, 
е experiment are [pec with only some sets of param- 
bep es. For example, the large effect of preference on hy 
di ян or obtained here suggests that the distinctiveness p^ E 
LEN пона dg large relative to the directable distinctiveness. y je 
Val clear is whether or not selection of these sets of parameter 
ample adversely affects predictions in other situations. pA es 
Contin: can Lovejoy use these parameter values to account for the 


anq Дей Improvement over successive ID shifts reported by Shepp 
ove сепз Or for the similar effect obtained with successive 
Ve Als? 1 appears to the writer that one-trial reversals or the 


sible "i learning obtained in learning-set experiments is impos- 
“han ee distinctivenesses of the dimensions are allowed to 
Fi Шип an experi 
na xperiment. | | 
"E si; the Dresent results are consistent with those of Smiley 
That di and of Heal, Bransky, and Mankinen'* in oes 
“ensional preferences do affect the transfer behavior 0 
e E. ü ing: й View 
ЦЭГ Attention in Discrimination Learning: A Point of Vi 
в 
SmjP 8nd Schri " 
"Heal pind Weir le aie” 
nsky, and Mankinen, loc. cit. 
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normal and retarded children. Also consistent is the fact that 
retarded Ss frequently reverted to position habits even after they 
solved a number of problems in which position was irrelevant. 


SUMMARY 

The behavior of retarded children on intradimensional and extra- 
dimensional shifts was investigated following training on either 4 
preferred dimension or a nonpreferred dimension. ID shifts мэн 
solved reliably faster than ED shifts when the original training 
was on a preferred dimension, whereas there was no reliable dif- 
ference when the original training was on a nonpreferred dimension: 
These results were seen as consistent with a theory in which the 
acquisition and extinction of selective attentional responses proce 
independently. A number of alternative explanations were also 


proposed, and further research can be directed toward separating 
these explanations. 


A CONTEXTUAL EFFECT IN JUDGMENTS OF 
VISUAL NUMEROUSNESS 


By Doxarp GnaNnBERG, Northern Illinois University, 
and JoHN Авоор, JR., Villanova University 


eria the number of objects in à given situation without 
0 ЫШ: Counting them is a common experience. Reporters 
farmers шар guess the number of people attending а political zal n 
athletic be estimate grain held in storage, and <i. 
Actors т ема frequently guess the number of people present. 2 
Constitut, hat at a given time interact to determine ан estimare 
e ms wil the frame of reference for that situation. Differen 
n MES l be salient in different situations. Reporters, ип Sot 
as шн officials аге all undoubtedly influenced by their attitu : 
Present, Hy factors in their estimates of the number of peopl 
More dit а political demonstration. As the actual number becomes 
re pr cult to estimate, the influence of the attitudes becomes 
r шыр, nounced. The farmer estimating grain in а building ru 
buildin, hot be neutral. External factors, such as the size of the 
Ма ла. the extent to which the building 15 filled, can alsa 
he оь determining his judgment. If the actual жүн 
Ment, arty is known, this can increase the accuracy е а га g- 
mate, etn observers of athletic events are Later in their 
stim 01 size of crowd by the actual capacity of the sta йш. 
ety ates of the number of objects in a given situation, without 
"um Counting the objects, are referred to as judgments of 
angi, i. BRA Several studies have been reported which document 
Bore between stimulus arrangements and judgments ai 
=i m Sness. Mokre found that his Ss decreased their judgments 
Vas to ness as the distance between the dots being judged 
* Теавед 3 Taves found, among other things, that dots ar- 
Reto ш icati Robert Freeman's com- 
оду Oh an ево plication February 10, 1968. Dr. a Foe weed 
study led to the variations used in the ex} 


tery G: 
ti aro У : s 
18. falo and Nanci August assisted in the preparation of stimulus ma 


T nos: 
2 
i 8. Ste and C. Sherif, An Outline of Social Psychology, 1956. Ch.2 and 3. 


i tev 2, and 28. 

dig E. Moires, Handbook of Experimental Psychology, 1951, 542% 28 

Мереке, Jeber in inten aon Cee ind Abstand der Elemente auf 
assung, Z. Psychol., 105, 1927, 195-225. 
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ranged in a circle (good form) were judged as less than kin 
number of dots seattered randomly. Bevan, Maier, an : sin 
varied the size of the context and the figure-ground rte 
(through instructions) in an experiment in which Ss a 
the number of beans іп a jar? They found that the estimates ber 
consistently larger with larger containers. Thus, with the dodi 
number of beans held constant, the less full larger jar was ре Es 
to contain more beans than the more full smaller jar. In an eei 
ment involving the judgment of numbers of dots, Bevan and d in- 
found an interaction effect between the size of the frame ишн 
structions as to figure and ground.? The judgments of uiae n 
were greatest when the large frame was figure and smalles moti 
the small frame was figure. It is evident that the central 1 Jute 
of Gestalt psychology—that stimulus objects do not have uc er 
stimulating values but must be considered in relation to the rect? 
in which they appear—has been the major theoretical ea oh the 
influencing these experiments, Few psychologists now шин sin 
veracity of this gestalt theme, but it remains to specify the way 
which contextual effects operate. ¡ment 
The purpose of the present paper was to report an expe! мөс 
employing an alternative form of this contextual effect. It cone f an 
judgments of numerousness when the potential ‘capacity ei 
array was varied. This capacity was defined by adding not- Judg 
counted elements to an array of to-be-counted elements. t the 
ments were made of the number of blackened circles, varying ^ pre” 
same time the number of circles not blacked in. The anthers E. 
dicted that the circles not blacked in, or unfilled circles, pe 
constitute a background factor and that the judgments oi эг” the 
ber of blacked-in, or filled, circles would be made relative judg- 
number which could be filled. The hypothesis was that the J Jed 


-of 
ments of numerousness would decrease as the proportion 
circles to total circles decreased. 


METHOD 


c 
А | trodue 
Subjects. Forty-eight Ss, 46 girls and 2 boys, from sections of InUT i 


1 
m А : е ore 
tory Psychology participated in the experiment. Each received cours 
for doing so. 


usne?” 
*E. Taves, Two mechanisms for the perception of visual numero Е 
Arch. Psychol., 1941, No, 265, -— t 
5 W. Bevan, R. Maier, and Н. Helson, The influence of context 
estimation of number, this JOURNAL, 76, 1963, 464—469. atio? 


5 W. Bevan and E. Turner, Assimilation and contrast in the estim 
number, J. exp. Psychol., 67, 1964, 458-462. 
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Stimulus materials. Forty slides, 10 for each of four experimental conditions, 
Presented a large white circular ficld, 24 in. in diameter, gainst a black back- 
ground. Within the white field were small circles 0.75 in. in diameter. The actual 
numbers of the black circles were 18, 20, 22, 24, 26, 28, 30, 32, 34, and 36. These 
black circles were in all eases scattered randomly within the large field. | 

In addition to the black circles, there were a number of small unfilled cir- 
cles, For Condition 0X the slides contained only black circles. For Condition 
1X there were an equal number of black and unfilled circles. For Condition 2X 
there Were twice ns many unfilled circles as black circles, and for Condition 

there were four times as many. Thus, the slides containing the maximum 
number of circles to be judged had 36 black circles in Condition 0X, 36 black 
and 36 unfilled cireles in Condition 1X, 36 black and 72 unfilled circles in Con- 
к and 36 black and 144 unfilled circles in Condition 4X. In сш 
X, with 36 black and 144 unfilled circles, the large white field was comp etely 
ed. The slides were projected by a Kodak Carousel projector in a semi- 
arkened тоот. " 
1, ocedure, Ss were randomly assigned to one of the four experimental con- 


CES i an 
lions, Three Ss. on the average, made their judgments at the same time and 


Were seated n, They were handed a sheet 
wit at a table about 10 ft. from the screen. А eur шац, 


blanks numbered from 1 to 30, and they were then read 


ons 


" 4 5 with 
А, are studying the ability of people to make judgments of p pes 
8 ©xposure times. We are going to present a Series of slides 


n f, + black circles. No 
slide he of you. On each slide will be a number of completely black cir 


then make y f the number of cire 
i s your guess О. he Ж БҮЛ 

Himates on the paper. There will be two blanks 
You will have plenty of time. Are there any ques 


10у were i ir experimental condi- 
i " dna ate to their expe 
t ‘hen shown the 10 slides appronne® n interval of 8.0 sec. be- 


» SXposure ti a хан 1 ses, with 2 
Wi : ime was 3.0 scc. in all cases, 1 «эдийн 
нил Slides. The order of ente was the same in all conditions: ч a 
Shown 18, 22, 32 26, and 24, Following the first exposure, the slides 

ын em : ; then a third time in the 


is. Second ti ; ~ reversed, and 
Origi nd time with the order reversed, 2 : : 
Sina] Order, Ss were not told they were seeing the same slides. Each S thus 


e30; 
Judgments, three of each slide. 


Юү RESULTS 
зас 1 shows the mean judgments for the first presentation с 
Shi 5 n each of the four conditions. The predicted linear tela 7 
Бае clearly supported by these data. Condition OX, with nd 
Sti < Cireles, resulted in the largest average judgments at wey 
ber " US number, Condition 4X, which contained the greatest Het 
Weg Unfilled circles, or potential capacity, resulted in the L. s 
€ judgments at nine of the 10 stimulus numbers. With only 


ing these 5 nm : variance in 
“Чет Тапде limits were given because in pilot studies, the v 


as sometimes too large to obtain reliable results. 


7 
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Mean Numerousness Judgments 


Actual Number of Black Circles 
Fig. 1. Mean JUDGMENTS Fon First Presentation or ALL SLIDES 


one exception, namely at 20, the average judgments for Condition? 
1X and 2X fell between the averages for Conditions ОХ and 45 8 
Condition OX the average of judgments decreased as the stimulu 
value decreased, with one exception, that being at 34. This ш 
be accounted for by ап order effect since the slide containing 


was the first one shown. 

| A score was obtained for each 8 by adding together his first 1 
judgments. An analysis of variance was then commuted, compa 
the four conditions. An F of 424 was obtained which, with 3 The 
44 degrees of freedom, was significant at less than the 05 level. P а 
linear component was Significant at less than the .01 leve 


accounted for 90.1% of the between sum of squares.® 


ап 


8 B. Winer, Statistical Principles in Experimental Design, 1962, 73. 
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On the s 5 
Weakened е "i third exposures, the experimental effect 
all judsutenis 4 ably. Calculations based upon the total sum of 
the results moti each subject resulted in an F of 2.35. Although 
ments, they wer in the same direction as those in the first 10 judg- 
dian of the Cane’ not statistically reliable. However, when the me- 
same condition саи of each S was summed with others іп the 

2/78 “хав та the sums of the four conditions ranked, a x? of 
ls was erc by a Friedman two-way analysis of variance.? 
dom, jose beyond the .01 level with three degrees of free- 
“enificance, mately the same linear relationship lay behind this 
є he res " Р 
oportet dd the slide containing 36 black circles were especially 
ge white Bdd m reasons. First, this is the slide which had the 
21е slide whic} completely filled (in Condition 4X). Second, it is 
lb should ha а contained the largest number of circles; hence, 
Чи сар "lerne been the most difficult to estimate, since it was 
Shows i nw hat S could count during the exposure time. Fig. 2 
for the жөр judgments of the slide containing 36 black circles 

Ming the на from the first to the third judgments. Com- 
Was obtained 2 ts from the three exposures, ап overall F of 7.15 
cant at less ih hich, with 3 and 140 degrees of freedom, was signif- 
К order of ihe the .01 level. In addition, as can be seen in Fig. 2, 
015 for each he averages was consistently in line with the hypoth- 
Judgments w of the three judgments. The Fs for the first and third 
nificant be = cre 3.35 and 3.12, respectively, each of which was sig- 
: each 22 the .05 level, the degrees of freedom being 3 and 44 
“ame юан, The results for the second judgment, though in the 

ёр bes “хор not statistically significant. Fig. 2 shows 
th Tage judgm nship which held true for all four conditions. The 
| En decrease yo inereased from the first to the second exposure, 
Vel о Sed on the third exposure, though not quite back to the 


10 first exposure. 


| Fig T Discussion 
th er tse, T. 4 dip in the lines which was 
to. Чесцгасу b it been the purpose of th 
It Vary the Be judgments, it definitely would hav 
ay ё eect of presentation, thus controlling 
limi ed t alled, however, that the purpose of the 

o demonstrating a contextual effect. 


quite likely due to an 
e experiment to study 
e been necessary 
for order effects. 
present study 


s Sie; 
gel, N, 
onparametric Statistics for the Behavioral Sciences, 1965, 166. 
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Judgment 


Mean 


Ist 2ND 380 


Judgments 


Fic. 2, Mean JUDGMENTS кок ALL PRESENTATIONS or SLIDE WITH 
36 Вілск CIRCLES 


The results of the 


earlier study.!? The two reports document the commonly ФХР 


enced effect that a number of objects is judged as greater E: 


"s 
| re’s 
present study are consistent with Mob 


Һер 


: 2 the 
they are less dispersed or when they fill a larger proportion 0 ame 
possible space. Both situations are similar to judging the 5 hab 


sized crowd in large and small stadiums. It appears, however? 

a different kind of effect was Studied by Bevan and his asso 

The experiment reported by Bevan et al. showed that ез? 
20 Mokre, loc. cit. 
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decreased as the portion of a jar filled increased. The dispersion of 
the beans in the jar presumably did not vary, the density being high, 
80 their findings are not directly comparable to Mokre’s. In addi- 
tion, their study did not use a jar which was completely filled, and 
the experiment was complicated further by the figure-ground in- 
structions. With referenee to the experimental report by Bevan and 

urner, it can be argued that what is important relative to con- 
text effects is what occurred in the ground conditions, since in 
ordinary judgments the frame acts as a ground within which the 
Judgment of the array or figure takes place." It is noteworthy that 
in the ground conditions, estimates increased as the size of the 
Tame decreased, 


11 H s, 
a Bevan, Maier, and Helson, loc. cit. 
evan and Turner, loc. cit. 


THE ABSOLUTE AND RELATIVE SIZE CUES 
TO DISTANCE 


By Warren С. Goce, 
University of California, Santa Barbara 


involves 

There is evidence that familiar size as a cue to distance saat 
not one, but two cue systems. This has been demonstrated by осі 
uring the perceived distance of a familiar object viewed qe б 
larly in an otherwise dark visual field when different retinal en 
the object are presented successively to O. Under these con etin 
it is often found that the perceived distance of a particular 1 ne 
size differs depending upon whether that size is the first or à 
presentation in the series. : nay be 

The present paper suggests that the first presentation F ed 28 
considered to involve an absolute cue to distance—a cue de _ may 
the size of the familiar object on the eye. The later acini ший 
be considered to involve both absolute and relative cues to dista сай 
а relative cue defined as the difference between the retinal erally) 
the familiar objects in the successive presentations. More seer if- 
it may be said that absolute and relative retinal size par 
ferent points on a continuum defined as the time between t pres" 
tions to O. Absolute size weights heavily as a cue in the firs 15 vis" 
entation, which is somewhat temporally isolated from premios. giye 
ual experience with similar familiar objects. Absolute and «c5 
Size as cues to distance combine in successive presentations. ftw 
tive size weights most heavily in simultaneous раш е n 
different, retinal Sizes of the same familiar object. To clarity 


: there" 
proposed differentiation between absolute and relative cues, 


ratio? 
fore, the present study examined the effect of temporal sepa! 
between presentation 


ты] айе and per 
8 on the relation between retinal 808 аг то 
ceived distance by comparing the perceived distances obtaine 
first, successive, and simultaneous presentations. 
: s ajar 
* Received for publication August 14, 1967. 4 mili? 
1 W. C. Gogel, B. О. Hartman, and С. S. Harker, The retinal size Bf m 03 
object as a determiner of apparent distance, Psychol. Monogr, 7 d size 22], 
Whole No. 442), 13-14: W., C. Gogel and Н. W. Mertens, Perceive Go£ 


distance of familiar objects, Percept. mot. Skills, 25, 1967, 213-225; УУ-(068 2897 
The effect of set on perceived egocentric distance, Acta Psychol., 28; 
292. 
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METHOD 
Experiment 1 


эм and apparatus. Two sizes of a playing card (the 10 of clubs) were 
large at E ft. away. One card was of normal size, the other йн РӨ аз 
duced Ev pee ated a card of normal size at 5 ft.). These stimuli m m 
bg a ransillumipating two positive transparencies шал ya 
nance of the (with the right eye) in an otherwise dark visual | j v 
mal, ог miri for O was .16 ftL., and the bottom of each oí t he Los eat 
of 10 in Bot 8. and large) was at 058 eye level. There was a horizonta ae 
MINA the cards for both successive and simultaneous dy em эй 
Ween two size was measured by O's adjustment of the — c : 
le hie posts located at about waist level. А meter ar a -9 ёл 
position b PEL y E to read the lateral separation betw a р ae 
Size-indication isible to О. The observation position was total ic 22 
ig t exce i apparatus was not visible to O. Great саге was ta 

stead” hat from the stimuli was visible to О at any time. Өглөөний 
ГЭВ" li of the dark field with the cards, 2 visual alley with man) : 

libration alley) could be presented. The calibration alley, abou 
numbered o X 3 ft. wide, had a floor formed by white cloth Ve на 
from ЯГ Tectangles were mounted at distances of 2, 5, 9, 14, ап 7 
* The О viewed this full-cue alley binocularly from ап observation 
ntaining a head and chin rest at the front of the alley. The alley 
cred m ft. below O's eye level. Neither the calibration pod ын Mi 
їе са angles were visible during presentation of the cards. The pu E ы 
ta “ration alley was to determine that verbal reports of perceive = 
тб, Proportional to physical distances under full-cue uim E 

cue ыг Since physical and perceived distance tend to be proporti e 
Teports Situations, such a result would validate the method of эрээ E 
Condit © measure the perceived distances of the playing cards bs der he 
icai. in which familiar size was the only distance cue aV ailable2 
Wag р. ТӨ. Three groups of 20 Os were used in the experiment. One group 
ea sented with the large card and then with the small card. T E 
Os, e Proximately 25 scc. between presentations. With a second group of 2 
Sizes Procedure was the same except that the order of presenting the ro 
Cards E Was reversed. The third group of 20 Os was presented with bot! 

Tio ‘neously, 

Би и presentation of any of the cards, all О 
dien t » ШШ order to provide isolation from prior visua | е 
3 Comb; ° apparent distance of the cards by verbal reports in feet or inc ү» 
rateg ‘nation of both. The perceived size (width) of the cards was Ine 
Dost ї ы eang of the small posts at the observation position, O grasping m. 
qum Зул hand and moving the right post laterally until the “арг с 
n Г twa posts seemed (kinesthetically) to be the same as the = wd 

ауз his adjustment was made twice for each presentation of the , 
Alter all aci making the report of perceived duma oe partioular 
2q e judgments of distance and size were complete 


cit., 218. 


ion 


all Os were in total darkness 
| stimulation. The Os 


gel 
! Hartman, and Harker, loc. cit.; Gogel and Mertens, 0P- 
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O, verbal estimates of apparent distance were made with the full-cue ший 
this purpose, the lights in the full-cue alley were turned on and 0 — : 
the appropriate observation position and indicated in feet or inches, ОГ ae 
combination of both, the apparent distance from himself of each of the ыг 
bered rectangles. These judgments were requested in a random, prearrang 
order. m 

The Os were members of an introductory psychology class. All Os had 8 ker 
ual acuity of at least 20/20 in both eyes (as measured with an orthoscopo), 8 
none were acquainted with the purpose of the experiment. 


Ezperiment II 


А і 29 of 
Experiment. II was the same as Experiment I except that the i qum 
the playing cards was 70 ftL. and that the calibration alley was not ын нэл 

different group of 60 Os enrolled in the introductory psychology cours 


used. The acuity requirements were the same as for Experiment I. 


RESULTS 

Since the results from Experiment I and II were very similar, die 
data from the presentations of cards in both experiments were y at 
bined and are summarized in Table I. It is also of importance «7 
the average reports of distance from the calibration ri" 
Experiment I for the 2, 5, 9, 14, and 20 ft. distances were 1.6, dis- 
6.9, 11.8, and 16.5 ft. respectively. It is thus clear that reported dis- 
tance tended to be proportional to but less than the physical in 
tance in the calibration alley, т.е. that the reported earn 
Table I can be used to calculate perceived ratios even though 
underestimate the distances by a multiplicative constant. 


the 


Discussion 


7 re 
Table I shows that the average reported sizes (widths) ыг 


greater, but not twice as great, for the large than for the small ын 8 
If familiar size determined perceived size, the large and small ж 
should have been reported to have the same width. If retinal ^ 
determined perceived size, the width of the large card should b? 


TABLE I 


AVERAGE REPORTED DISTANCE AND AVERAGE Reportep SIZE: 
EXPERIMENTS І AND II 


ous 
First Second simulta йол 
presentation presentation prese 
Reported distance in ft. 
Small eard 5.3 8.9 81 
Large card 4.0 2:8 8.7 
Reported size (width) in in. 1 Ч 6 
Small card 1.6 1.6 P 
Large card 2:3 2.3 2 
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been reported to be twice as great as that of the small card. Thus it 
Seems that Os’ judgments of width were influenced both by the fa- 
miliar and the retinal size of the card. From this result it is not clear 
how the judgments of width were related to judgments of distance. 
This problem will be examined in a later study? 

Table I also shows that the group of Os first presented with the 
small card reported it to be at а distance that was greater than the 
distance obtained from the group of Os first presented with the large 
card. The difference of 1.3 in. between these first prseentations was 
Significant at the 05 level (ts = 2.45). It follows that absolute 
retinal size was a significant determinant of pereeived distance. 

Ева, if the cue of absolute retinal size were à completely 
t ective cue in determining perceived distance, the reported dis- 
ance of the small card would have been twice that of the large 


eard. Since the ratio was 1.3:1 rather than 2:1, it is clear that 
absolute size effective cue to 


igni "as ; a very 
Pereciy , although significant, was not a very 


ed distance, " 
the reported di i I had been physically cor- 
n distances in Table I ha і 
tob the ratios of the distances of the small card to the pel 
ii large card would have been 2:1 throughout the table. Те t "i 
“ined from the data on distance in Table I were 1.3:1, 3.2:1, an 


та for the first, second, and simultaneous papiru e 
У. If these ratios w : ant, one could conclude th? 
Same pr ratios were constant, кү il three 


cesses occurred i iudgments of 
5 ed in the judgm sam 
qe er, it is clear that ad- 


nc S of presentations, From the data, howev 
real or different factors were operative in the хандан ОШ 
ee ivea eate that the different conditions at - ^ Fi 
and ely modified the perception of distance from vaya 
b 8-2 they provide the basis for differentiating experimentally 
Эн the cues of absolute and relative 5126. | а 
etw relative cue was assumed to occur as а result 0 pomy E cpm 
een different retinal sizes and to be most heavily weighte 


e ч 1 
acum ‘neous presentations of the cards. The data ‚күн 
Ption. The та t i of the small ear 

Co. - The ra ^ ted distance 
ratio of the терот e card (17:1) was 


аге with the simultaneously presented larg ! 
мар Му close to 2:1 Чи it wd be concluded that for the € 
the r a Presentations, the ratio of perceived distances 18 eu I 
the р, 2 Of retinal sizes, The difference between the obtained 1. Хэр 
аца ебед] 2.0 probably сап be attributed to the кп ee 

Stance tendency, which can reduce perceived depth be 


-0 | 
” M А Ja SS. 
Gogel, The sensing of retinal size, Vision Res. in рге: 
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simultaneously presented objects. It can be concluded tentatively 
that relative size as a cue to distance tends to result in ratios of per- 
ceived distance that are equal to the ratios of the retinal sizes of 
the familiar object. 

It was also assumed that with the first presentations most 
weighted with the absolute cue, with the simultancous presentations 
most weighted with the relative cue, and with the second presenta- 
tions determined by both cue systems, the reported distances a 
tained from the second presentations could be explained in terms 0 
the results from the first and simultaneous presentations. That ex- 
planation would be as follows: On the first presentation, О Pe 
ceives the playing card to be at some particular distance as а 16” 
sult of the absolute cue. On the second presentation, О, shown 2 
playing card one-half or twice the retinal size of the playing саг 
presented first, uses the relative cue between the cards and per 
ceives this second card at twice or one-half the distance (теврбд” 
tively) of the first card. This process can be expressed mathemati- 
cally, where D’ is perceived distance and 6 is retinal size with the 


subseripts 1 and 2 referring to the first and second presentations 
respectively, as 


D, = р (8). [1] 
0, 

If Equation 1 is applied to the judged distances of Table I, it РТ 

diets that the results from the second presentations should be 5 

for the small card and 2.6 for the large card. These values are © г 

to the obtained values of 8.9 and 2.8. It should be noted that мей 

though Equation 1 specifies a way in which absolute and relativ 


size Cues can determine second (or following) presentations; n 
details of this equation are pum 


uding 


е 


. For example, instead of сопс! 


: e : nated 0187 
Sizes determines a ratio of perceived ‹ a 
{ retine 


е 

= determines 4 constant difference in perecived distance p 
above equation is presented, how ever, because it more nearly fl © 

data obtained in the present study. P 

Table I shows that th act 


2 e difference between the judged dist sence 
rom the second presentations was much larger than the differ pis 


between the judged distances from the first presentations. 


* W. C. Gogel, E 


sas 2 Bulls 
te es ee quidistance tendency and its consequences, Psychol 
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change was significant at the .01 level (Ёз = 3.83). It is as though 
8 contrast effect occurred between the first and second presenta- 
tions. A small difference in perceived distances between the first 
Presentations resulted in a large difference in perceived distances 
between the second presentations. The proposed explanation in 
terms of absolute and relative size predicts this result. From Equa- 
tion 1, whenever the ratio of the perceived distances from the first 
Presentations is less than the ratio of the retinal sizes, the ratio of 
perceived distances from the second presentations must exceed the 
Tatio of retinal sizes. It follows that under these conditions, the = 
erences between second presentations are greater than nine 
ences between first presentations. The demonstrated tendency цан 
change between first and second presentations to reflect a difference 
etween absolute and relative cues can also be applied to distance 
Cues such as accommodation, convergence, brightness, ete. The sim- 
Dlest Application would be to use two different groups of Os and two 
lerent values of the distance cue being considered. Each of the 
Values of the distance cue would be presented ширийн to 
ы, of the groups with the order of presentation of the two re dif- 
versed for the two groups. If the perceived distance were more ci 
n; between the groups on the second than on the first ve 
шал this would indicate that absolute and relative cues v ээн 
weg Stem are not identical. The importance of the aye " 
ееп absolute and relative cues is that psychophysical relations 
lying these two kinds of cue systems are not necessarily aed 
chopra Ргевеп& study indieated. It is difficult to see how Ра 
t in Ysical relations having general applications can be obit 
Istnetions are ignored. 


SuMMARY 


n Ойгон байол between absolute and relative size as aah 
ind. applied as an explanation to the Шеш ре pore 
Drege 110 distance which сап occur between ча a HA we 8 
Ntations of different retinal sizes of а familiar object. | pos 
first that the absolute cue would be heavily weighted йн 
and ү *esentation (a presentation following some time in the гэвч 
taneg ‘at the relative cue would be heavily weighted in p^ << спе 
Veto * Presentation of the two retinal sizes. Both of rci = 
Cree: 8 Were assumed to operate in combination 10 y iba fa- 
"lian : distance associated with a second presentation E tation 
Object, ть was found that although in the first presen 
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on the average, the perceived distance of the familiar object in- 
creased with a decrease in retinal size, this increase was consider- 
ably less than that shown between second presentations. This change 
was predicted by considering the data resulting from both the first 
and simultaneous perceptions together. It was suggested that the 
method of using different groups and different orders of presenta- 
tions would also be useful in differentiating between absolute and 
relative cues in other cue systems than that of familiar size. 


ADAPTATION ТО CHANGE IN 
MULTIPLE PROBABILITY TASKS 


By Davin A. Summers, University of Kansas 


, Follow 


А и 
1 "S eye S an 
2 Опа Brunswik’s proposition that man functions а 
Intuitive 


statistician,” several investigators have shown эдэ а 
ean effectively utilize multiple, probabilistic cues in order to ma T 
erences about, an interval-scaled criterion variable. oni ей 
tiple Probability-learning (MPL) studies, however, have involve 
Stationary task characteristics; i.c. the stimulus-cue weights = 
Temained more or less constant over trials. In contrast, S's us 1 
0 adapt to a change, or shift, in MPL task disserit E 
received only limited attention. In this regard, it has been m 
that When the cue weights are reversed after Ss reach a ы 
inita tion to the new weights is slower than adaptation to the 
Mal (preshift weights? : 

though it ы bons demonstrated that Ss can еси 
8 а change in MPL tasks, it is important to note vgs 1 Anil 
ne ifferent ways in which a change can occur. te (1) 
he весте, MPL tasks can require S to discover eit dno 
бо Televant. (non-zero weighted) cue(s), (2) the = vorm (3) 
lod “6. rule) relating the cue(s) to the criterion ч М е(5) 
а ù the relevant cue(s) and rule? Given that the “гээ н 
at | 16 task rule constitute distinct aspects ^ Е ifically the 
televan Site types of task shift are pe hear late 
t Cue(s) can change, while the regressi 5 
= cue(s) to the mieten A invariant. Such a viene 
Cha: be termed a cue shift. Conversely, the regression лр lenas 

86, while the relevant cue(s) remains the same. Such a € 


b i ag 
ыен ей for publication October 16, 1968. The research nq Баре 
dling; ken 1 е Group Effectiveness Research Laboratory, 3 


: ency, ARPA 
тд ч Was supported by the Advanced Research ан Agency, | 
b,E. Brunga Contract NR-177-472, NONR 1840»... of Psychological 
(Pera зук, Perception and the Representative Design as an intui- 
ч чац, 1956. See ai С. R. Peterson and L. R. Beach, Man | 

ili pian, Р, А 5. i roba- 
bitty А, Peleas ү Шы B5, 1987, 122 D. A. Summers, Multiple р : 

p, D, A ving with shifting weights of cues, this JOURNAL, ? robability tasks, 
"ов, 754), ^mers, Rule versus cue learning in multiple р 

Annu, APA Conv., 1967, 43-44. 
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can be termed a rule shift. Finally, both the relevant me 5 Хус 
the task rule can change; hence, a complete shift. While € 
distinctions concerning types of task shift have conceptual ж : 
it remains to be shown whether they are empirically justified. A 
present study, therefore, concerns the effects of cue, rule, an 


complete shifts upon performance in a three-cue, probability- 
learning task. 


METHOD 


Design and subjects. In order to assess the effects of a rule shift, two ын 
of linear task rules were utilized. Specifically, half of the Ss initially хивсэн 
(in the preshift trials) to make inferences on the basis of a positive кщ" 2 
tule, while the remaining Ss initially learned a negative regression rule. zen 
tematically varied in the experiment, therefore, were (a) type of rule vip 
in the preshift trials (positive vs. negative) and (b) type of task shift эн 
Shift vs. Cue Shift vs. Rule Shift vs, Complete Shift). The experiment pe 
took the form of a 2 X 4 factorial design with repeated measures over bloc! 
of trials. A total of 120 University of Illinois undergraduates served as Ss. е 

Preshift task. Both the positive and negative tasks consisted of three Ws 
one of which accounted for all the systematic criterion variance, Values 


Р : : m -10) 
each cue in the 60 preshift trials were obtained by selecting 60 digits (1-1 


E а г The 
from a random-number table; cue intercorrelations were thus near 20го. 
criterion values for the positi 


ve task were generated by combining pese d 
values according to the following rule: Y = X, + 0X; + 0(X3). The t: 
was made probabilistic by randomly per i 


94 with X;, and approximately zero with X, and Xs. The criterion values ы 
the negative task Were gererated by combining the cue valucs as ganas 
T oz: + 0CX;) + 0(Х.). Thus, when the relevant cue (X;) had т 
values (Y) were 10, 9, 8, ete., respectively. Т ay 
з performed in the positive task were also рег 


ith 
» the final criterion values (Ү?) correlated —.94 ул 
& and approximately zero with Хз and Хх. 


shift trials, but by a differe 
which the criterion was gen 


ift 
erated was reversed. Specifically, if the preshi 
criterion was a positive func 


5 чийг te 
the postshift criterion was ipe 
same cue, Similarly, if the preshift criterion E 
the postshift criterion was a positive function 
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These shift conditi Р 
to parallel ee ee better perspective if they are related 
work. Specifically, the f Ч в in the traditional concept-learning frame- 
learning studies: 28 in D ge t is analogous to a reversal shift in concept- 
the БИБ. эй s oth cases the relevant stimulus dimension remains 
is reversed. Simila ын par should be applied to that stimulus dimension 
in чина был е ptas cue shift is analogous to а nonreversal shift 
is shifted. In all m eh ies; t.e. in both, only the relevant stimulus dimension 
formed in сэр ! i a conditions, the same random-error operations per- 
criterion. As a еч ae eere performed with respect to the postshift 
Е Пёну ае с limits of accuracy in the pre- and postshift trials 
ус were presented on a3 xX 4 ft. plywood board on which 
three cues. Dire T€ vertical 10-point scales, These scales represented the 
representing e M below these vertical scales was 10-point horizontal scale 
Md criterion variable. 
related to | and procedure. Ss were inst 
a positive пе у one of the three cues presen 
а task ene or negative linear function of the 
ance vnm eur occur. In addition, Ss were informed that ran 
lowing Ete бе perfect accuracy. Each of the 120 trials consisted of the fol- 
the MES (1) E specified a value for each of the stimulus cues by circling 
the =. riate column numbers; (2) Ss received 10 вес. in which to predict 
ion value; and (3) Ё indicated the correct criterion yalue by circling 


а пиш} 
b н срд. 
ег on the horizontal criterion scale. 


ructed (a) that the criterion was 
t, (b) that the criterion was either 


{ the relevant cue, and (c) that 
dom vari- 


RESULTS 
азди was assessed by correlating 88 judgments with the 
Curae on values (Y^) over each block of 15 trials. The resulting ac- 

бел correlations (т„) were then transformed into Fisher's Z coef- 
final Ы for subsequent analysis. Only Ss whose performance on the 
in th ock of preshift trials exceeded chance (f= 51) were included 
for i study.* As a result, the mean accuracy correlation (over all Ss) 
over m final block of preshift trials was substantial (% = 78). More- 
signifi in order to assure that the treatment groups did not differ 
Жен gaa immediately prior to the shift, accuracy correlations 
vs im from the final preshift block were subjected to a 2 (Positive 
» Negative Rule) X 4 (No Shift ҮЗ. Rule Shift vs. Cue Shift vs- 
alysis revealed no 

ted that mean 


o А : 
“omplete Shift) analysis of variance. This an 
t, it should be no 
were nearly 


Signi 

е effects. In this respec a 

е correlations for the four treatment conditions 
ical (+.04) on the last block of preshift trials. 


арор 
Zonta] example, see H. H. Kendler and T. 8 
s al processes in problem solviag, Psychol. Rev. 69, 1962, 1-16. 
experi Ss failed to learn the preshift solution, and Were dropped from the 
ent. Additional Ss were obtained to complete the task in 
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Accuracy correlations derived from each block of postshift cm 
were treated according to a 2 (Positive vs. Negative Rule) X 4 (No 
Shift vs. Rule Shift vs. Cue Shift vs. Complete Shift) analysis of 
variance with repeated measures over four blocks of trials. This 
analysis yielded three statistieally reliable effects. Specifically, ac- 
curacy varied according to blocks, F (df = 3,336) = 120.63, p 5 
001; and according to shift condition, F (df = 3,112) = 16.54, 
p < .001. In addition, a significant Blocks X Shift interaction was 
found, F (df = 9,336) = 13.48, p < .001. These findings are shown 
graphically in Fig. 1. As can be seen, the blocks main effect can be 
attributed to a significant improvement over trials; 7.6. over all condi- 
tions, accuracy was substantially greater for the last block of trials 
(Fa = .83) than the first (Fa = .52). With regard to the main effect 
due to the shift conditions, individual comparisons revealed that 
performance in the No Shift condition (7, = .SS) was significantly 
(p < .05) better than that observed in the Cue (7, = .80) and Rule 
Shift (7, = 81) conditions, while performance in the latter two 
conditions was significantly (p « :01) better than in the Complete 
Shift condition (7, = 59).° The Blocks X Shift interaction can be 
accounted for by differences in performance on Block I of the post 
shift trials. Specifically, Ss in the No Shift condition were significantly 
(p « .01) more accurate than were Ss in either the Rule, Cue, ОГ 
Complete Shift conditions. F urthermore, while performance in the 

ule and Complete Shift, conditions did not differ, Ss in both con- 


ditions were significantly (p < -05) less accurate on Block I than 
were Ss in the Cue Shift condition. 


Discussion 


: The findings reported here indicate that adaptation to change 
in а multiple-cue, probabilistic task is substantially affected БУ 
which aspects of the task undergo change. In the present, study: 
both (a) the initial decrement in performance and (b) the rate 
of. improvement following the shift were affected by the type 0 
shift involved. With regard to (a), the initial decrement i? 
performance was least when S was required only to utilize 9 
different eue in order to achieve inductive accuracy. Аз Fig. 1 
shows, the decrement in performance was substantially greate! 
when S was required to utilize a different induction rule 025 


5 All significance levels for the individua 
the Newman-Keuls procedure; see В. J 
perimental Design, 1962. 


" БУ 
1 comparisons were established ө 
+ Winer, Statistical Principles i 
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BLOCKS OF TRIALS 
) BY SHIFT CONDITION 


Fr j 
a. 1. MEAN Accuracy CORRELATIONS (та 
over PosTSHIFT ‘TRIALS 


a 
Нина coe Shift). In certain respects, the initial difference 
Surprisin Зо between the Cue and Rule Shift conditions is not 
of the нд : nasmuch as the Rule Shift involved a direct reversal 
о be ат Ши rule, we would expect Ss’ initial postshift responses 
shift #8 ximally different from the criterion; 1.6. the correct post- 
ciated " ponses were inversely correlated with the responses 25507 
le ЗЭН the preshift solution. In contrast, we would not expect 
з postshift responses in the Cue Shift condition to be 
Cue val у different from the criterion. Inasmuch as the stimulus- 
ны had near-zero intercorrelations, the correct postshift 
With the were simply uncorrelated with the responses associated 
formane preshift solution. In short, the initial difference in per- 
tributed. between the Cue and Rule Shift conditions can be at- 
i to the particular type of rule shift studied here, 1. 2 


К: rule reversal. 

e ме to (b), it is important to note that Ss in both 

Curae e and Cue Shift conditions approached the limits of 

Postshify quite rapidly, ie. by the end of the second block of 

ition ү, trials. On the other hand, Ss in the Complete Shift con- 
emained substantially below the limits of accuracy even 


80 
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at the conclusion of the 60 postshift trials. One pte d 
planation of these findings can be derived from an үсэн ч 
testing framework. In this regard, let us assume iag і 
solution change was encountered, the Ss initially hypo h сив 
that only а single aspect of the task had changed. If баг не 
the case, the Ss in the Cue and Rule Shift conditions were pie 
with a narrow range of alternatives; ie. only three a m 
present, and they had been instructed that only two tas phis 
(positive linear or negative linear) were possible. As a eae 
Ss in the Cue and Rule Shift groups could achieve the co hifi 
solution by testing only three hypotheses: (1) that the pres iad 
rule had been reversed; (2) that cue X, was now relevant; ий” 
(3) that cue Ха was now relevant. On the basis of the number > 
alternatives available to Ss in the Rule and Cue Shift conditio к 
one might therefore have expected these Ss to adapt to the pd 
easily, and within approximately the same number of um 
And, as can be seen in Fig. 1, such was indeed the Сиве; nt. 
situation in the Complete Shift condition was somewhat, са 
Clearly, the Ss in this condition could not have achieved ed 
correct solution by testing only the three hypotheses amm 
above. Rather, these Ss Were required to test two € 
hypotheses: (1) that cue X» was now relevant and the preshift pet 
had been reversed; and (2) that cue X, was now relevant en 
the preshift rule had been reversed. Inasmuch as the Comp ak 
Shift Ss were confronted with a larger number of alternatives, 


: jon 
is not Surprising that these Ss were slower in their adaptatio 
to the task change, 


] 
The interpretations advanced here can be regarded as only 


articular, support for the hypothesis-tes 
formance in the present situation eem 
ence from shifting MPL tasks involvit 
(a) a different number of stimulus cues and (b) different (6-0: 
nonlinear) induction rules.? 


sye de- 
1 For example, see K, R, Hammond and D. A. Summers, RN 
pendance on linear and nonlinear cues, Psychol. Rev., 72, 1965, 215-224. 


EFFECTS 
TYPE OF Аа кызы SITUATIONAL VARIABLES AND 
NFORCEMENT ON DELAY PREFERENCE 


By T 
Homas A, Grass, Hawaii State Hospital 


The ten Я 

delayed ane to forgo immediate reinforcement in favor of 
literature, a has received considerable attention in the 
to various dione ior delayed reinforcement has been related 
vation and тад characteristics such as achievement moti- 
Such as age егшепсе, B3 well as to group-membership correlates 
of i de oe socioeconomic status. By contrast, the influence 
delayed onica variables on relative preference for immediate and 
he studies S has not been examined so thoroughly. Most of 
preference for this area have been concerned solely with relative 
by Үнийг r immediate and delayed rewards. Two such studies 
demonstrat e Castaneda and by Mischel and Metzner have 
Negatively e hia children's preferences for delayed rewards were 
has found | ated to the length of the delay interval. Mahrer 
expectancy des both a child's trust in the examiner and his 
Positively rel a a delayed reward would be forthcoming were 
as found. b ated to preference for delayed rewards;? and Metzner 
Were more in varying the nature of the delay period, that children 
or it than LI to choose а delayed reward if they could work 
Tecent sath they could only wait for 163 Of the relatively few 
ments, Tike: of preference for immediate VS. delayed punish- 
ferred an Amato and Gumenik have found that human Ss pre- 

immediate shock to а delayed shock when the delayed 


1968. The article is based on а dis- 
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D. in psychology. The author 
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and designing 
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зету е! : 
Sertation кыл publication October 10, 
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Ould like to ын. of the requirements for the Ph. 
г, and to ee his appreciation to David Levine, his 
ui. hn C. Loehlin for his guidance in conceiving 
- R. Lipsi 
651107 an pus and A. Castancda, Effe 
func 3 Ў. Moonee speeds in children, 
tion о a and R. Metzner, Preference 
-, 64, 1969 intelligence, and length of delay-interval, 4: 
Psycho ®© уб, 425 481; 
Uchol. 55 10507 The role of expec 
tion, fy tha АПИ. 
» Harvard Ая d dely of gratification, unp 


cts of delayed rewards on choice be- 
hysiol. Psychol. 51, 1958, 
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tancy in delayed reinforcement, J. exp. 
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shock followed a randomly varied time interval, and Cook and 
Barnes substantiated these findings by demonstrating that human 
Ss tended to choose a short rather than a long delay of inevitable 
shock; the longer the delay, the less tendency there was to choose 
it.* Finally, two recent studies are uniaue in that their experimental 
designs provide for a direct comparison of preference for both 
delayed and immediate rewards and delayed and immediate ‘punish- 
ments.’ Mischel and Grusee found that as the probability of 18“ 
ceiving a delayed outcome increased, children were more likely 
to choose delayed rewards and immediate 'punishments.5 In а 
related study Grusee found that as the size of delayed outcomes 
increased, children made more delayed-reward and more immediate- 
‘punishment’ choices. 

The present study sought to investigate the effects of three 
situational variables on the relative preference of adults for de- 
layed outcomes in both reward and ‘ 


M M . 2 Qne- 
punishment’ situations. SP 
cifically, 


the three situational variables selected were certainty 
that delayed rewards and ‘punishments’ would actually be re- 
ceived, pleasantness of the waiting period prior to receiving 
delayed rewards and ‘punishments, and vividness with which 
delayed rewards and ‘punishments’ were presented. Levels of 
certainty about receiving delayed outcomes were varied to better 
understand the influence of this variable on delay preference m 
an adult population; selection of this variable followed from the 
earlier studies with children which demonstrated that two im- 
portant variables in affecting delay preference are the level 9 
expectancy about receiving a delayed outcome? and the probability 
01 occurrence of a delayed outcome. Pleasantness of the delay 
period was manipulated to clarify its role in influencing delay 
preference in adults; this followed from Metzner’s finding that 
the nature of the Waiting period prior to delayed reinforcement 
significantly affected delay preference in children Vividness W25 
also varied, for although little attention has been given either 
4M ’Ams "Ч 2 ы de- 
ш Side instrumental услана, eels of immediate v abnor, ое 
Psychol., 60, 1960, 64-67; O. J. Cook and L. W. Bamna Choide of delay of ! 
evitable shock, J. abnorm. soc. Psychol. 68, 1964, 669-672. ts 
P w: маа аа Grusee, Waiting for rewards and punishments: eee 
о "pg eed Wate 3 it ное; J. Pers. soc. Psychol., 5, 1967, 24 nent 


Ч з and punisl Е reinforcem 
value on choice, J. Pers. soc. Psychol, 9, Toog ab ТҮШ Effects of те! 
7 Mahrer, loc. cit. Ч 


8 Mischel and Grusec, loc. сй. 
9 Metzner, loc. cit. 
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to the manner in whi : 

possible atid T reinforcements are presented or to the 
on delay ps cot be presentation conditions may have 
iay be potential °, ле vividness of reinforcement presentation 
мэ ний Т ый, useful in clarifying the requisites of delay 
example, much ір promotion of consumer goods 5d 
in хийсгэн an cedi " attributed to vividness of presentation 
influencing ла of enhancing preference and 


Мєтнор 

in a small laboratory room and 
d on a table. The panel, about 
3 ft. wide, had a small light 


Appar 

atus 23 

жага iecit Ss participated individually 

2 ft. high ас front of a vertical panel situate 

at the = 0 the table top and approximately 

hinged cover БЫТ prenna in the center. The scoreboard was covered by а 
h was kept closed except when S was permitted to see his 


Score, On 
5 the tat 

nble at the base of the panel were four telegraph keys, each 
its of a standard deck 


marked wj 
of ica representing one of the four sui 

relay could j^ 2 W hen any of the keys was pressed, the click of a closing 
flashed Бу Т Нр heard. The light at the top of the panel could be 
flashing light. С buzzer behind the panel sounded in conjunction with the 
tape Yesordar n a table next to the panel and in full view of S were a 
and switches. В. several ‘electronic’ devices covered with dials, pilot lights, 

Was seated bel ee the experiment S was seated in front of the panel and 
Tocedure. шэн the panel out of S's sight. 
Structiong info inety-six undergraduates (men) served as Ss. Tape-recorded in- 
and that he aimen S that the experiment dealt with “subconscious intuition” 
Y E out of ae to Buen the correct suit of cards being turned one by one 
Which he a behind the panel. This format provided S with a task about 
Waa told to sumably had few preconceived notions as to his level of skill. S 
of him and oe his responses by pressing one of the four keys in front 
cing award M his responses would be “electronically” recorded with points 
КИЧЕП, for each correct response. These points were to accumulate 
Was, Корек. on the scoreboard during each series of trials. The scoreboard 
Nal series wh to remain covered except at various specified intervals between 
hen S would be permitted to see his score. Unknown to 5, scores 


aPpeari 
= aring on the scoreb 5 ? i 
eboard were inserted by E from behind the panel during 
based on 8 predetermined rein- 


ach (гүр : 
Ore rial series, The scores presented were 
for all Ss in а given experimental 

racy of 88 responses in the card-guessing 
f each trial series, 8 was 

summary sheet. 
the apparatus 
Eac 


Proc 
га е оз each 8 played two experir 
WS by gy of four sequences of card-guessing followed by 
tar f these games 8 received 
es diate reinforcement), whi 
ries of trials to rec 


his score upon 
le in the other 


S receivi 
ceiving a score. In one o 
eive his score 


n А 
“рч, series of trials (imme 
o wait 2 min. after each se 
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(delayed reinforcement). In comparing their scores with 8 EO 
mean, one-third of the Ss experienced favorable outcomes, аы шингэн 
able outcomes, and one-third neutral outcomes. The delayed-reinfor condis 
game was further varied in such a way that half the Ss played en trial 
tions of certainty about the outcome (reinforcement followed eac 3 «нг 
series) and half under conditions of uncertainty (reinforcement fo EH 
randomly only 50% oí the trial series). Furthermore, for half the phe 
forcement was presented in a vivid manner (score presentation “аң eroi): 
panied by a flashing panel light, sounding buzzer, and poker-chip рау ies 
while half received reinforcement in a nonvivid manner (only score in- 
shown). The delay period for half the Ss was pleasant (reading aloud wed 
teresting magazine article), and for half unpleasant (reading aloud pc 
of numbers). Experimental conditions for the immediate-reinforeement ga s 
were the same for all Ss in that reinforcement was always uncertain ын 
nonvivid. Ss were randomly assigned to each of the experimental treatments 
and order of game presentation was counterbalanced within each group. tion- 

At the completion of the experiment S was asked to complete a Quas md 
naire designed to indicate Which of the two games he preferred. At this iius 
E also informally interviewed S to determine S's naiveté, Subjects were iub 
sidered naive if, in E's judgment, they believed the scores they had ха? 
resulted from their own performance in the guessing task. Of 136 Ss erdt 
initial population pool, only three had to be dropped because they serious’ 


> : ing 
questioned the assertion that their scores really represented their card-gucs 
skill, 


RESULTS AND DISCUSSION 


scores, reflecting Ss’ relative preferences for the 
or delayed-reinforcement game, constituted the ael 
Game-preference scores ranged Y r 
g the greatest degree of preference : х 
w delay preference) and 9 représente 
rence for delayed reinforcement цөл 
represents the game-preference єг 
the mean for the four Ss in one of bia 
(three outcome conditions—favorab 6 


Game-preference 
immediate- 


se 
summary of analysis of variance ыг ын 
Scores. Bartlett’s test of homogeneity o 
to the variances associated with each 


mean game-preference 
variance was applied 
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TABLE I 
Mean GamE-PREFERENCE SCORES 

Favorable Unfavorable Neutral 

outcome outcome outcome 
a 

n- Un- Un- 
Pleasant pleasant Pleasant pleasant Pleasant pleasant 
Сена, 

ivid 4.25 3.7 4.50 1.50 5.75 .50 
Nonvivid 8.75 8.00 7.25 2.25 4:50 5.25 
EN 5 

ivi 4.75 3. 1.75 3.25 6.00 . 
Nonvivid 1.25 2:50 2:00 2.50 78 2.25 


Note: Game preference scores ranged from 0 through 9 with means above 4.50 representing 


Pref 
‘erence for the delayed-reinforcement game. 


the three reinforcement groups, and the variances proved to be 
satisfactorily homogeneous (x2 = 51). The data in Table II 
Indicate that certainty did account for a significant amount of 
variance (F = 9.10). The mean game-preference score for the 
48 Ss who experienced the certainty conditions was 4.52, while 
the mean game-preference score for the 48 Ss in the uncertainty 
Conditions was 2.56. Furthermore, the pleasantness variable also 
Teached significance (F = 5.34) with a mean game-preference 
Score of 4.29 for the 48 Ss in the pleasantness conditions 88 
Compared to 2.79 for the 48 Ss in the unpleasantness conditions. 
he vividness variable did not reach significance, and its effects 
n delay preference are less clear. Vividness may exert an mM- 


TABLE П 
ANALYSIS or VaniANCE оғ GaMte-PREFERENCE ru : 
Rei Source SS df - б T 
einf, 2 > E 
Certainty (C) group (R) car 1 92.04 9. 10" 
ъ!УіЧпезв (У) 5.04 1 5.04 5 a" 
R y tnes (P) 54.00 i ne 43 
АХУ on 2 1.64 16 
CXE аи з уы 
ОХУ 80.67 1 80.67 140 
vxe 30.37 1 30.37 
МЕ р 18.37 1 18.37 ы 
REXY пло 2 570 ү 
RXCXP Y 2 ns 127, 
éXVXp 87:69 2 23.84 E. 
ЮХУХР 8.17 1 БЕН "31 
Tota lication) 728.50 (5 
LJ 
Uis 
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fluence only to the extent that it interacts with pleasantness Ог 
certainty. It is of interest that the type of reinforcement (ie. 
favorable, unfavorable, neutral) did not account for a significant 
amount of variance. 

It appears, then, that certainty of delayed outcomes and pleas- 
antness of delay period significantly increase preferenee for both 
delayed rewards and ‘punishments.’ Findings for the favorable- 
reinforcement group are consistent with those that have been 
reported in that increased certainty of a delayed reward increased 
preference for such outcome. However, the finding that unfavorable- 
reinforcement Ss also indicated inereased preference for delayed 
‘punishment’ when the delayed outcome became more certain seems 
at varianee with the Mischel and Grusec finding that children 
were more likely to prefer immediate ‘punishment’ as the prob- 
ability of delayed reinforcement inereased.!? Since the unfavorable 


s w i ible 
outcomes in the present study were not very severe, it is possib 


that the adult Ss were more desirous of being certain that they 
would receive feedback 


about their performance, even when they 
anticipated a negative outcome. Direct comparison of the tw 
studies is, however, confounded by substantial differences in ү 
experimental designs. In addition to differences in the age b 
Ss, the nature of the negative reinforcements differed, as di 
length of delay. For example, whereas Ss in the present wed 
experienced 2-min. delays, the reinforcement delays for Mische 
and Grusek’s Ss varied from опе day to one month. By pyeten 
atically varying delayed-outcome probabilities and delay-perio 
activities and observing their effects on delay preference in TEROA 
age groups, subsequent research should serve to clarify the prese? 
findings. 


SuMMARY 


To investigate the influence of three situational variables ыг 
type of reinforcement on delay preference, a card-guessing £87? 


was administered to 96 university students (men) who were the? 
given favorable, unfavorable, or 


saw their scores at once (immedi 
game Ss waited 2 min. before 


AN : е 
| receiving their scores (delay 
reinforcement). The games were 


: 11008 
played under various conditi 


1? Mischel and Grusee, (ос, cit. 
11 Mischel and Grusec, loc. cit. 
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of (1) certainty about receiving a score, (2) vividness of score 
presentation, and (3) pleasantness of the waiting period preceding 
score presentation. Relative preference for one of the two games 
constituted the dependent variable. Whereas certainty and pleas- 
antness increased preference for both delayed rewards and ‘punish- 
ments,’ vividness effects were more difficult to interpret. 


TATION 
THE EFFECT OF TYPE SIZE AND CASE ALTERNATIO 
ON WORD IDENTIFICATION 


By FRANK SMITH, DEBORAH Т.отт, and BRUCE A aeg 
Southwest Regional Laboratory, Inglewood, California 


ope 5 

The distinctive-feature theory of letter recognition pague 
by Gibson! has been developed to account not only a ai 
letter identification but also for the identification of wor nat a 
other sequences of letters? The present paper proposes кү 
reader does not normally attend to individual letters but ^ е7 
to sets of features, various combinations of which may терге асһ 
the same word. This view is essentially a ‘whole word’ к 
to word recognition; except that it does not demand fami d it 
with the total outline or configuration of a word. veni t 
proposes that the reader (1) extracts distinctive-feature 1 E 
mation simultaneously from several parts of the царс ee 
(2) integrates this information for identification of the ks or 
The distinctive features mentioned are defined as elemen “isl 
properties of letters or of groups of letters (including нар. 
the discrimination of which reduces the set of alternatives um 
the total configuration, letter or word, might be. Any prier 
combination of features sufficient, to determine uniquely a pat ae 
ular letter or word is termed a criterial set of features. me 
features are termed equivalent when more than one feature pa 4 
represents a single letter ог word. For example, A, а, ап be- 
comprise quite different, sets of features that are equivalent f 

* Received for publication October 24, 1968. The study reported is papal 
research conducted pursuant to a contract between the Southwest, 
Laboratory and the 


Y ‚Жый 
United States Office of Education. Dr. Smith S M To- 

the Ontario Institute for Studies in Education, 102 Bloor Street e 
ronto 5, Ontario, Canada. develop- 

1 Eleanor J. Gibson, J. J. Gibson, A. D. Pick, and Н. Osser, А 1, б 
mental study of the discriminati i 05 
1962, 897-906; Eleanor J. Gibson, Learning to read, Science, 148, 19 
1072. 

? Frank Smith, The visual identi 
sertation, Harvard University, 196 
letters in the visual identification of words, J. he vis 
press; Familiarity of configuration уз. discriminabili р th 
identification of words, Psychon. Sci., 14(6), 1969, 261-262. ding: 

3 Т. H. Anderson and W. F, Dearborn, 

1952, 191-193. 


К 1 dis- 
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Cause they all represent 
22 represent the ami m same letter, just as HAT, hat, and 
word form aoe asserts that unfamiliarity with a total 
discrimination t not affect word identification adversely unl 
however, pat Then features within the word is барийн, There гч 
ын and cendi e contradictory to this m per, 
pper a : rt that material pri i i 
to mm 5 ы (see Condition 6 in eee rem 
саза ет i all upper case (Condition 1) or all lower 
ability to trer n 2): These results could be due to readers' in- 
they occur E upper and lowercase letters as ‘equivalent’ when 
Жако А аай within a word; in which case, the model 
born ЕП dece not be upheld. But the partem, and Dear- 
size of n d also be attributed to the fact that the relative 
case letters ji s—which is a cue to the discrimination of lower- 
the taller ea TR interfered with when these letters are mixed with 
alteration ^nt 'The present study accordingly predicted that 
the ыа ain and lowercase letters would not interfere with 
even thous na of words when the size of the capitals was reduced, 
reader (Con ew still resulted in a configuration unfamiliar to the 
letters cer: : ition 3); but that variation in the size of alternate 
letters ца? interfere with word discrimination, even though all the 
In the size о case (Condition 5). It predicted that variation 
m all-capital alternate letters would not affect word identification 
Cue for dise HE because relative size would not appear to be a 
Predictions нанай of uppercase letters (Condition 4). The 
were tested in an earlier study by measuring the 


ength of ti 
t ads x 
ime taken by Ss to read d in the sb 


a passage printe 


NORANT OF EVEN THE SINPLEST 


t of even the simpl 


. THAT WE ARE AS YET QUITE 16 
ignoran! 


est 


.That we are 45 yet quite 


ite ignorant OF pest 


even tHe sim 
E sIMPLEsT 


7 that we АГЕ 25 yet au 
оште IGNORANT Or EvEN TH 
e simplest 


_ THAT wE ARE As YET 
vite ignofant Of even thi 


„That we afe 25 yel 4 
EvEn ThE SitpLest 


UiTe IgNoRaNt Of 


purc CONDITIONS: Sgr-1 BooKLeTs 


simately equal 


Fy 
G. 1. Ex 
- ExamrLes or Six TYPoGRA 
(Line widths approx 


4 
Ande 
Tson 
and Dearborn, loc. cit. 
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typographic styles of Fig. 1.5 All the predictions were — 
But although no special instructions were given with co bes 
comprehension, and although Ss read with normal intonatio ids 
possibility remained that the results of that study were go ` ia 
attributable to the ease of identification of individual мар 
the present study, therefore, Ss were presented with a Ге Ч 
search-and-identification task requiring neither ‘comprehension 
the text nor verbalization of response. 


Мєтнор 


Materials. The six typographic conditions were presented in шыт “т. 
prised of six 150-word passages of text, In half of the booklets (Set 1 ® s 
width was controlled (by varying letter width) so that equivalent ei In 
words occupied approximately the same size line (as indicated in Fig. sited 
the remainder of the booklets (Set 2), the width of type was not юэ e to 
to equalize comparable lines (sce Fig. 2). Apart from the difference ad 
line and letter width, the two sets were identical. Each of the six am al 
in every booklet was printed in one of the six typographic styles, ын юм 
styles represented in all booklets. The order of passages was constan iion 
the order of conditions was determined according to a Latin-square de га 
No condition occurred more than once in any one serial-order position, 
no condition preceded or followed any other condition more than 40 "T 

Subjects and procedure. A total of 216 college students served as Ss, ha qd in 
ceiving Set-1 and half receiving Set-2 booklets, Testing was conde ee т 
group sessions, the 36 copies of each version of the test booklet being alloc? 
at random, 


: : : j rd W: 
For each of the six passages 88 were given a list of 20 words. Each wo! 


М assage: 
between four and eight letters long, had occurred only once in the pa 
and was not included in any oth 


: rinted on 
er list. Passages and lists were рїш oat? 
facing pages of test booklets: text on the left and word list on the right. 


as 


RELATIVE 
SIZE CUE EXAMPLE 
ST 
Irrelevant 1, THAT WE ARE AS YET QUITE IGNORANT OF EVEN THE SIMPLE 
Ийнан 2. That ме are as yet quite ignorant of even the simplest 
3. that we are as yet quite icnorant or even tHe simpLest 
Irrelevant 


EsT 
| ^. THAT WE ARE As YET aUiTe IGNoRANT Or EvEN THE SIMPL 


Lower | 5. That we are as yet quite igfotant of even the simplest 


Disrupted 
5. ThAt We AYE As үет qUiTe IpNoRaNt Of Even ThE SIMpLES! 4 


Тв, 2. EXAMPLES or Six Typocrapite Conpitions: Spr-2 BookLETS 
(Width of letters unchanged) 
в Smith, op cit., Psychon. Sci., 14(6), 261-262. and 
5 E. F. Lindquist, Design and 


] Analysis of Experiments in Psychology 
Education, 1953, 258 ff. 
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line of text w: 

sage and to тыш 5з were asked to find the listed words in the pas- 
in which Ae шоо яр beside cach test word the number of the line of text 
Өр a ы ШЕ! trial passage was given to assure understanding 
sage, words in ve fur discourage Ss from reading straight through the pas- 
To minimize 2 ss were presented in random order, the same for all Ss. 
atl табыну in — ency to attempt “уїзил! matches,’ word lists were printed 
used in the шаг ре; and mixed case italic rather than in the Gothic 
correctly mi - he score for each condition was the number of words 

by Ss during 215 min. 


RESULTS 


ence between the two sets of 


There w: А 
here was no significant differ 
bined (Table 1). 


book 
Mesh вий the data for both sets were com 
there sould 2 the six conditions supported the prediction that 
which case жыз по reduction in 88! ability to identify words in 
dition 3) ! as alternated if the size was held constant (Con- 
identify е vs there was a significant reduction in ability to 
(Condition 8). in which both size and case were alternated 
Size of о] ). The prediction that interference. with the relative 
ability UE ined of lowercase print (Condition 5) would reduce 
erence нэр words was also supported. However, inter- 
resulted in л relative size in upperease print (Condition 4) also 
Contrary a a significant reduction in Ss’ ability to identify words, 
dificult th о the prediction that this condition would be no more 
Analysis 0 normal upperease print (Condition 1) " 
ifference of variance for repeated measures“ showed a significant 
Neither t} at the .01 level between typographic conditions, with 
le set variable nor the interaction between sets and 


t; 

(ee conditions significant. Tukey’s test for the significance 

Significant ate between all possible pairs of means showed no 

Size of th difference between the three conditions in which relative 

eween es letters was held constant and no significant difference 
he three conditions in which relative size of the letters 


TABLE I 
твр IN Each TypoGRAPHICAL 


ANN 
UN 
намаг or Worps CORRECTLY IDENTIF 
DITION: Dara FROM BOTH SETS OF BooKLETs COMBINED 


Mr. 


Condition 
Me 4 5 6 
an 1 2 3 
i y ber of 
1Чеп в, Trectly 
"8 л mi шав 1®% 10.19 10.0 


7 
2, 302-309. 


» J. Vi - 
Winer, Statistical Principles in Experimental Design, 196: 
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was distorted; but each of the three constant-size conditions was 
significantly different at the .01 level from the three mixed-size 
conditions. These differences held whether the two sets of data 
were combined or considered individually. 


Discussion 

The results of this experiment su 
ruption of 
fication of 


pport the hypothesis that dis- 
‘total word form’ does not interfere with the identi- 
words unless discriminability of elements is disrupted, 
eg. by mixing the size of the individual letters. Nor is there 
any indication that particular groups of letters (‘spelling pat- 
terns’) are identified on the basis of familiar configurations. The 
only unpredicted finding was that size alternation of uppercase 
letters interfered with a search-and-identification task although it 
did not interfere with the earlier reading task when some com- 
prehension and verbalization of response were involved. One pos- 
sible explanation for this conflicting result lies in the difference 
in relative response complexity when S is searching for а word 
compared with when he is involved with a continuous reading 
task. During a reading task, there is only one correct response 
S can make to any stimulus, ie. he can say “transfer 
Whether the stimulus is TRANSFER, TRANSFER, or TRANSFER. 
Tn the search task, however, 8 looking for “transfer” in the 
all-capitals, mixed-size condition does not know whether his ‘Te 
sponse" should be TRANSFER or TRANSFER; and it has frequently 
: 56 uncertainty is more SEND, E 
one абу te imulus uncertainty, If the differences in 


esis, the interference should be apparent in 
6. If the difference is related to the counter 
о an effect of unfamiliarity with the entire co? 
_the difference should also be apparent in Cor- 
different from Conditions 1 bag 
dition 4, while not expected, 


8 W. R. Garner, U 


7 962, 
35-38. neertainty and Structure аз Psychological Concepts, : 
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^" ме they сап adapt to most forms of handwriting. Many of 

and "rais typographic and calligraphic arrangements of words 

‘transfo SIS differ so radically that they cannot be viewed as 

native а but, we submit, must be considered as alter- 

етае As the present experiment demonstrates, unusual 

skillf та 1008 of these ‘equivalent’ forms can be read almost as 
ully as the most regular and common varieties of text. 


SuMMARY 


xu 6 58 searched for words in passages of text, some, б! 
stern Were printed in normal upper ог lower case, others wit 
var “a letters in upper and lower case or with alternate letters 
imo ^ вше. The numbers of words identified in a given time 
that ü Varying conditions support the experimental p gium 
Natio e relative size of alternate letters, rather than the — 
het. of case, accounts for differences between conditions. : 
esi Were taken as supporting the view that alternative зет 
equiva for the same letter sequence are treated Priest 
“ин, and that readers identify words by (1) discriminati : 
cature sets and (2) integrating them for identification 0 

8 Word as a whole. 


CUE SELECTION IN PAIRED-ASSOCIATE LEARNING: 
LENGTH OF STUDY INTERVAL 


By EUGENE A. LOVELACE AND BENNET GREENBERG, 
University of Virginia 


Two recent studies indicate that when Ss learn a list of verbal 
paired associates in which the stimulus items are poorly integrated, 
the Ss often engage in stimulus selection utilizing the initial letter 88 
the functional stimulus.! In these two studies the presentation rates 
were 2 or 1.67 sec. There is the possibility that a selection strate£Y 
was markedly enhanced for poorly integrated stimuli by the NE 
limited duration of the study interval. If the Ss were given aa 
time during the study interval, performance on the paired-associ? n 
(PA) task would clearly improve; the question is whether Ss wou 
make use of this time to integrate the stimulus or simply t° 
strengthen the association of the functional stimulus to the response 
term. - 

In the present study one group of Ss received three PA асаш 
tion trials on six trigram-digit pairs with 2-sec. study intervals, 
and a second group received three acquisition trials with 6-sec. pius 4 
intervals. Following these learning trials each S received tht - 
special test, (ST) trials on which stimulus integration or selectio® 
were assessed by showing S the individual letters of the trigt®™ 
and asking him to provide the missing letters of the trigram ап 
the proper digit response. 


METHOD 


Materials and design. The stimuli were six consonantal trigrams of 45% s 
ciation value in Witmer? The responses were single-digit numbers. No sim 
element (letter) was repeated within the list. The PA learning WaS PY pree 
study-test method. using three different orders of presentation. For the = 


5 š imes 
ST trials following PA learning, each stimulus was photographed three ШИГ? 


* Received for publication December 19, 1968, isi- 
, ! L. Postman and R. Greenbloom, Conditions of cue selection in the aoo ace 
tion p A mos lists, n exp. Psychol., 73, 1967, 91-100; E. А. Doming 
and E. M. Blass, Utilization of sti 1905 21-10 iate les 

J. ezp. Psychol., 16, 1968, 596-600. mulus elements in paried-assoc 


s^ 
?L. R. Witmer, The association val nt syllable 
genet. Psychol., 1935, 47, 337—360. alue of three-place consona 
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цэгээ. 
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Once with ea 
squares. cies Lt opera and the two missing letters replaced by black 
= (Letter 1, at Cue Aa: Ss were presented the elements in the first posi- 
s (Letter 2, at Cue [P sition] 1) of two trigrams, those in the second posi- 
rid 3, at Cue i ees 2) of two other trigrams, and ihe third posi- 
ST trials, оноон v 3) of the remaining trigrams. Across the three 
2 ons was randomly d nc h element of every stimulus. The order of element 
nterbalanced ac etermined on ST trials. The order of th ST trials w: 
ü Procedure, ач! Ss within each group. хилээ 
dem trials wake ae E of Condition S, study portions of the PA acquisi- 
Slr dO sen тийе. Ta dem a 6-scc. rate; the 18 Ss of Condition F received 
еи & kou. vate, The h conditions the test. portions of the PA trials were 
si К Carousel Шо тон were projected оп а translucent screen with a 
» the self-paced ST tri jector. After the test portion of the third learning 
ubjects. The Ss trials were described to the Ss. 
- course. None E 36 men who were students in а 
cedures, ad served in experiments involving trigram stimuli or 


n introductory psychol- 
PA 


: Acquisition, A RESULTS 
ке їп iilis expected, the variation in study interval re- 
lal of es differences in performance on the last test 
i of цэн ion (t = 3.65, df = 34, P < 001). The mean num- 
Speetively, T responses were 3.3 and 5.0 for Conditions F and 8 
erfect trial, ie relve of the 18 Ss in Condition S had one or more 
, whereas this occurred for only one S in Condition F. 


ST tj 
Ч rials. Perfor 
ei Was нейн formance, both for digit recall and letter reproduc- 
: : рам for ST Trials 1, 2, and 3. No systematic changes 
al were observed for eithe therefore, all 


Yses r 
t S герог 
hreg a hereafter result from com data of these 


т measure; 
pining the 


he 
me 
an numbers of additional letters correctly reproduced 
Conditions 8 and F was 


Apea А 

T in 

" Чай t I. The difference between 

(F = 243, df = 1/34,P 7 10). Neither cue position 


TABLE I 


Mr 
AN N 
UMBE 
BERS or ÅDDITIONAL LETTERS CORRECTLY REPRODUCED 


Cue position 


М Letter 

Ondition F reproduced 1 2 

“Sec. r 1 on 217 

"nii 2 2.17 1.01 

ation 8 3 2:00 1.61 

ease) 1 2.88 2-18 

2 2.39 2. 
3 2.61 2.50 
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nor the interaction of cue position with study-rate condition was 8 
significant source of variance (both Fs < 1). For Ss in both study- 
rate conditions the first letter (Letter 1) was more often recalled 
than the second or third letter (Letters 2 or 3), which were recalled 
about equally often. These differences were statistically significant 
for Letter 1 vs. Letter 3 (t = 2.22, df = 35, p < .025) and for Letter 
1 vs. Letter 2 (t = 2.50, df = 35, p < 01). 

The dashed lines of Fig. 1 show for each condition the percentage 
of all items on ST trials to which Ss recalled 0, 1, or 2 additional 
letters as a function of the position of the cue letter presented. 
The solid lines indicate the percentage of the stimuli at each cue 
position to which Ss correctly recalled the digit response as ? 
function of the number of additional stimulus elements S was able 
to report. If reproduction of stimulus elements were not related 
to digit recall, the two sets of curves in Fig. 1 would have the same 
form. It is clear that in all cases more digits were correctly Te- 
called when both additional letters were reproduced than would be 


CONDITION S 


°, 


N 
о 


0 1 2 1 2 0 


0 
NUMBERS OF LETTERS REPRODUCE? 


Fic. STRIBUTIONS OF З 
1. Disraurions ок Lerrer Reprove crioxs anp Dicir RECALIA 
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expected, wher ¢ m 
letters ein ‘Then digits were recalled when no additional 
RB Bener at C 3 hese discrepancies in the forms of the curves 
Posma mee ositions 2 and 3 than at Cue Position 1. 
tlus sélection ё reenbloom have suggested as a criterion for stim- 
to properly re ae the S must give the correct digit but be unable 
assures that Sm uce either of the other stimulus elements? This 
Table IT dis ч id not mediate the association during the ST trials. 
correctly шилээ = number and conditional probabilities of Ss 
ro гон 1e digit at each cue position given that 0, 1, or 
uce two additi ers were reproduced. When Ss were able to repro- 
about an мы тонн letters, they were able to give the correct digit 
only one айн proportion of the time at each cue position. When 
а slight tiend үз» letter was reported, there appears to have been 
Positions, Iti p better performance at lower-numbered cue 
tional апета clear that when Ss were unable to reproduce any ad- 
Tee cue aie responses were not equally probable for the 
Ereatest fin ак In both groups correct responses occurred the 
both ний ari of the time to first-position cues. That is, in 
Sa functi ions there was evidence of selection of the initial letter 
onal eue. 


Discussion 
rrect responses during 


The hi 
1) indicate that the Ss 


iig У Mignifinant differences in co 
in Conan аад on ST trials (both ps < 00 
i: ondition S learned more about the paired associates than Ss 
Запісаць X Е. Despite this greater associative learning, the non- 

difference for the two groups on the reproduction of 


TABLE II 

ities oF DIGIT RECALL GIVEN 

s ConnEcrLY REPRODUCED 
Cue position 


MBERS 
S AN " 
AND CONDITIONAL PROBAB NUMBER 


or ApprTIONAL LETTER 


Number of 
additional 
letters 1 2 3 
Condit correctly 2 
(gation Р reproduced N р N р p 
TE 0 60 -37 66 .14 62.05 
Condit; 1 21  .43 17 -35 24 33 
(Gs n 5 2 2 wo 25 5 7 64 
* Ta 
ч 0 54 0.50 510204 51.28 
1 18 .78 18 .72 18 -6l 
2 36 .94 39 .87 39 .90 


ostma 
n and Greenbloom, op. cit., 92. 
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stimulus letters indicates that Ss in the two groups ce ee 
very appreciably in what they learned about the stimu С Lc 
differences in associative learning had been removed by t ^ 
more trials to Ss in Condition F, these differences in let cha 
production could only be expected to diminish. In neither cond ain 
were the Ss able to produce a majority of the letters, and p. т) 
formance of Ss in Condition S (44% recall of additional шэн : 
gives further evidence of failure to integrate the stimuli. тн 
roughly comparable level of PA learning, Postman and ae 
bloom report that 83% of the additional letters were recalled = | 
the stimulus materials were such as to produce little stimulus у 
tion, but only 46% when considerable selection of the first le ны 
occurred.* Furthermore, in the present study the proportions of 3 
time that Ss were able to give the correct digit in response to а = 
in the first position when unable to provide any additional ше 
were not even in the direction which would indicate decrease 
selection with a slower study rate. Ее ка 
In light of the large and reliable increases in associative ie 
ing produced by a reduction of the study rate, it is clear that ka 
slight increase in stimulus integration was not commensurate W 2. 
this change. 1t is likely that the slight increase resulted from Y Ч 
dental learning rather than changes in the Ss’ strategies; to а 
extent that the stimulus materials of a PA task result in © 


jon 
selection, they apparently do so even at very slow presentati 
rates. 


SUMMARY 


Thirty-six Ss received three study-test PA acquisition trials 
six trigram-digit pairs; 18 Ss received a 2-sec. rate on the ard 
portions and 18 Ss received a 6-sec. rate. The Ss were then sho to 
individual letters of the trigrams and tested for their up Mt 
provide the digit and to produce the additional letters. The slow 


rate resulted in significantly more correct res 
acquisition and to the ind 


to only a small, nonsi 
the extent that cue ве 
apparently occurs eve 


ponses both in ed 
ividual letters (both ps « .001) hat о 
gnificant increase in letter reproduction. 
lection occurs in a PA learning situation 
n at very slow rates of presentation. 

4 Postman and Greenbloom, 


i 


Op. cit., 93. 
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ОХ ВЕ T 
RECOGNITION AS A DISCRETE EVENT 
Ву 
y Ricuarp L. Taxron, University of Oregon 


It is gener . 
ered possible to accurately describe a current visual 
Temoved bur; = possible to describe that stimulus after it has been 
etail, if not een Since the two descriptions are likely to differ in 
800168 arise СЭ чинээ, it is tempting to ask whether the discrep- 
°rgetting, or ww. recall, and therefore are related to the process of 
Was origmally hether they reflect something about how the stimulus 
5 errors in bi Implicit here is the notion that forgetting 
2 imagine how w колар are independent. But it is also difficult 
“оць there 1 е are able to recognize familiar objects and people 
ensory infos, having been some antecedent interplay between 
‘hen we aa and the contents of memory. In some sense, 
cult ques өү we have also both remembered and perceived. The 
mance may БЕ here is that of the conditions under which per- 
i d visual c © affeoted by the particular joint contents of memory 
mbine to pr sory analysis; ie. the question is what conditions 
" a. recognition. 
Sensory and n that recognition involves 8 
ot investigators, inclu messages has been advanced by a number 
ie ently, Mack, including Bartlett, Hofiding, and Woods.” More 
чару inform d has made the positive suggestion that incoming 
jun Organize a ч is operated on by à comparator whose function 
ction wit} ones representation of the external world in con- 
h adaptive activity ;2 Sternberg apparently regards the 


Or 
ап 


n interaction between 


1968. This paper is a partial report 
tted to the University of Oregon. 


ж 
Rece; 
Of tha ceived f 
nsoring the work, to Michael! 


he © autho for publication December 1 
Po cuthor A S doctoral dissertation мэ 
3 supervising to Fred Attneave for spo 
an i o yÉ the research prior to his departure for the APRU-MRC 
once: Th Reicher fo: yman, for the use (in his absence) of his tachistoscope, 
bh the We research ap many helpful suggestions, and to Jacob Beck for assist- 
Ace, Pàrtment as supported by the Advanced Research Projects Agency 
SSociate Uder Со of Defense, monitored by the Air Force Office of Scientific 
18) TF. Of the орт Е44620-67-С-0099. The author is currently Research 
thi 1; ang Bartlett ‘Reon Administration Hospital, Syracuse, New York. 
3 Joug E. L. Wo теткен, 1932; H. Hofíding, Quilines of Psychology, 
oda MV 26, 1915. 31 Aa paperimental analysis of the process of recognizing, 
ej; ¢ Mack р А 
Jor yd Ways of looking at perception, 
‘ception of Speech and Visual Form, 1967; D. 
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matching of visually coded stimuli with scored test criteria эн " 
basie process;? while in auditory theory Halle and Stevens hav 


i i i Г sith inter- 
taken as a key notion that sensory input is compared with in 
nally generated signals. 


If such a comparative process is accessible to behavioral cert 
tion, then for reasons of biological utility it should be most evid 
when the contents of memory and visual input are similar. In fe. 
present experiments an S's task was to make Same-Different p A 
ments of letter pairs and to respond by pressing one of two leve | 
on each trial. Of interest were those RT trials when the ‘Same 
lever was pressed correctly since 6 was presumably responding 
either to (a) a stored letter, (b) a current visual stimulus, or to 


5 Л : rere redun- 
(c) both a stored and a current visual stimulus which were rec 
dant. 


ExPERIMENT I 


ONES ree- 
Procedure. An 8 was required to peer into the viewing port of а th 


channel tachistoscope, note the occurrence of a probe item, and then decide 
if any other stimulus appearing in a trial was the same or not. If there TDi 
match, S pressed a lever marked “Same.” If not, 8 pressed a lever marked шиг 
ferent.” Fig. 1 shows the relative orientation and location of the meee v) 
in a typical trial. Note that the probe always appeared in the center inane? ht 
while the stored and adjacent targets could appear in either the left or {> 
windows during a trial. Presentation times for the item to be stored, for ms 
checkerboard-like interpolated pattern, and for the probe and adjacent юан 
Were, respectively, 500 msec., 3 sec., and 2 sec. An S's response and RT жЕ nos 
corded from onset of the probe and adjacent display. There were 144 Bam 


j диа 1 : ory 
Different trials in which the 72 Same trials were divided into (a) 24 se in 
matches, (b) 24 adjacent matches (as shown in Fig. 1), and (c) 24 tria 
which both the stored 


zas ex" 
and adjacent items matched the probe. An 8 bie at 
posed only to three letters (В, 5, A, ог T, N, R) in the session, and each 
appeared equally often in every window. Order of presentation was Варвагаг 
Subjects. Six students were recruited arbitrarily from among those who Rach 
experienced in making Same-Diffcrent RT judgments in other tasks. 
was paid $1.50, 


Results. The overall average error г 
were not analyzed. The results for с 
each S in Table I. The data were con 


jals 
ate was 3.7%, and those aa 
orrect responses are show Пг 
sistent for all Ss tested. Re 


Cerebral organization and the conscious control of action, in J. Eccle ‹ 

Brain and Conscious Experience, 1966. | Ps yoho- 
8 8. Sternberg, Two operations in character recognition, Percept. & 

phys., 2, 2007, vA — (eds: 
* M. Halle, On the basis of phonology. i 9 d J.J. Ка eec 

The Structure of Language, 1964: KF in J. A. Fodor an р 


N 1 for 8 
recogniti . Stevens, Toward a mode: 
cognition, J. acoust. Soc. Amer., 32 196 
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Fia 
- 1. RELATIVE ORIENTATION AND Location ок STIMULI IN А TYPICAL 


TRIAL SEQUENCE 


dant | 
matching times were faster than memory matches (ts = 4.10, p 


ЫГ 
01) апа adjacent matches (ts = 18.75, Р < 001). The apparent 


dif 
erenc ' 1 eñt 
es between memory and adjacent RTs, and between over 
de under 


5 1 . . 
Simi нан and Different RTs, replicate previous findings ma 
r conditions.’ 


ExPERIMENT П 


It was | 


"ecalleq not possible to determine from Experiment I if identical 
a 


am and perceived stimuli facilitated any response other than 
matchi, Judgment. It was also unclear whether the source of the 
о Mg item was irrelevant. That is, such an effect might be 


tai 

5 i . 

ethe, in any task involving redundant items regardless of 
Visua) 9De item is recalled and the other analyzed from à current 
dentifieation errors 


Ate й array. Although there is evidence that i 

Overt Uced by redundant visual targets, when an 8 is asked to 
tap ‚7 identify stimuli it is not clear whether the requirement to 
benoit mory in order to come up with a name also enables 8 to 
from the redundancy. Thus, when an S is not required to 


Ang. R . | 
“унд ав a Taylor, A comparison of short term, memory and visual sensory 
urces of information, J. exp. Psychol., in press. 


262 TAYLOR 


TABLE I 


MzpnN Reaction Times ron Correct RESPONSES: 
EXPERIMENT I 


Same responses 


Different 
Ss Memory Adjacent Redundant responses 
1 570 620 515 625 
2 507 585 492 590 
3 525 560 442 587 
4 472 565 445 635 
5 485 540 405 645 
6 490 565 460 612 
Means 508 573 460 616 


overtly identify stimuli, do redundant simultaneously presented 
targets facilitate performance? The purpose of Experiment II was 
to test the reliability of the Experiment I data by using SS who 
were not experienced in making Same-Different RT judgments, vo 
determine if identical adjacent and recalled items also facilitate 
a Different response, and to make comparisons for a task where 
three items are presented simultaneously. 


Procedure and subjects. Twelve Ss were recruited for the study by the 88 
dent employment bureau of the University of Oregon, and each 8 was paid $1.50. 
The basic task for six Ss (Mixed group) was similar to that in Experiment 
except that, of the 72 Different trials, 24 were trials where the adjacent 88 
stored item were identical. For the other six Ss (Simultaneous group), 
basic task was similar to that for the Mixed group except that the three stimu 
were presented together after the checkerboard pattern. Thus, instead of mem- 
ory and adjacent matches there were either left or right matches, depe? ing 
on the window that the matching item appeared in, relative to the probe. . 

There were, then, five conditions of interest. Imagine three windows нд 
which stimuli can appear: ———. The probe item (A) always appeared in - 
center window so that with the Simultaneous group, for example, the matching 
item could appear in the left window thus: ААВ. The other conditions, anb" 
ogously, were B A A, A A A, B A B, and B A С. For the Mixed group» °% 
need only substitute memory match for left, and adjacent match for right, 


employ the same notation. 

Results. Median RTs were computed for correct responses in each 
condition. Five of the six Ss in the Mixed group had faster 
RTs than the fastest of their other times, which supports на 
similar finding in Experiment I. The Ss uh however, sign 2 
cantly slower in pressing the Different lever when the two © е 
parison stimuli were redundant (ts = 3.13 р < 025). There spel 
no significant differences within Same or ‘Different response 


ditions for the Simultaneous group. These data are summar 
in Table II. 


126 
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TABLE П 


Mean Reaction Тїмкв FOR Соввест RESPONSES: 
ЕхрЕкимЕхт П 


Condition 
Same Different 
Mixed group ААВ BAA ААА BAB нае 
Imultaneous group 576 p ue 701 ва 


DISCUSSION 


0 Suppose that the Ss always test for a match by comparing pairs 
ай the probe and stored item first with probability p; the 
the e and adjacent visual item first with probability 1—2. Since 
i ar of each test could be either successful or not, the dis- 
tution of RTs to either type of match alone would be bimodal. 
redundant trials, however, the first test made would always be 


а 
е Overall memory-match RTs (if p 


dition 
Which 


Correct meee that the probability interpre 


+ That is, an S is not faster in making | 
jg, oem that his first ted is more likely to be a memory-probe 
Үс fore seems implausible that Ss were 
eir io. conditions here because of 8 d 
the der match. A somewhat more 80 
terete ein rere pr 
lasi ished relation between 
Шэн there may be for a particular type of match p 5 
мн faster RTs to that type of match and to sige 5 р 
Buy; Som from items redundant with another type 0 i 
їп Experiment II the left- and right-window matches Р 
Y f audi- 
QUY tid s i er, The effect 0 
ЧЕК ct. See also W. б. Chase and OT search a Ы pape fea- 
n Convention, 1965; and E. Tulving and P. Ноу y, ili, Acta 


Pa OF si 
Vchoj эу Ultan imple visual 
hol, 9 , 1967, gousi, presented simple у 
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duced nearly equivalent RTs (suggesting that for the Simultaneous 
conditions the value of p was more nearly .50), while there was nO 
overall redundant gain observed. 

Suppose, however, that instead of making pair-by-pair Same- 
Different judgments, the Ss make an initial consistency test be- 
tween stored and visual information. Only if the results were in- 
conclusive, or only if the task required more than a consistency 
test, would the Ss proceed further. If the two visual items were tested 
in parallel, then this hypothesis could account for (a) faster overall 
Same RTs, (b) faster overall memory-match RTs, (c) facilitation 
of Same RTs by redundant items, (d) inhibition of Different 
RTs, and (e) the failure to observe analogous effects in the Simul- 
taneous condition of Experiment II. This notion fits the data rather 
well, as a first approximation, and if correct would point to the 
existence of a mechanism which responds selectively to recurrent 
events. Experiment II indicates that performance gains attributable 
to redundant items may be a memory-dependent phenomenon. 
That is, in order to benefit in a skilled-performance task, an 8 must 
either have an implicit criterion for redundancy stored beforehan 
or be allowed to take a ‘second look’ at simultaneously presented 
stimuli. This is consistent with the notion that under marginal 
viewing conditions, Ss benefit from redundant visual targets in 9? 


identification task much as if they had as many independent ‘looks’ 
as there are targets,? 


SUMMARY 


Two experiments involved Same-Different RT judgments of 8 
probe and target letter. On each trial one target was stored for 
= бана another target was shown simultaneously with the probe. 
s 25 crai the Same” lever if either target was the same aD 

€ "Different" lever if neither was the same as the probe. Memor? 
matches were faster than adjacent visual matches. When the 599 
targets were redundant, Same RTs were facilitated and Differe" 
RTs were inhibited, although these effects were not observed wher 
all three letters were shown simultaneously The experiments wer 
designed to explore certain implications ot the classic hypothe 
that stored and Sensory information may interact in recognitioP 


ik: : 18 
т СН Eriksen, Н. L. Munsinger, and T. S. Greasspon. Identification yer] 
same-different judgments: An interpretation in terms ef uncorrelated perce? 
error, J. exp. Psychol., 72, 1966, 20-25. s of unco 
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Although the data were consistent with that notion, consideration 

was also given to the possibility that there is a mechanism which 

responds selectively to similarities between stored and visual 

d ony: information. Output from such a mechanism could either 

бош аде or inhibit performance, depending on whether categoriza- 
or stimulus discrimination was appropriate to the task. 


NOTES AND DISCUSSION 


PSYCHOPHYSICAL EVALUATION OF 
FEEDBACK PHENOMENA 
AS RELATED TO PRECISION OF FORCE EMISSION: 
SOME METHODOLOGICAL CONSIDERATIONS 


Recognition of the importance of feedback considerations tO 
behavioral theorizing and investigation goes back at least a8 
far as John Dewey, who wrote: “.. . the reflex arc idea leaves i 
with a disjointed psychology. . . . [In] its failure to see tha 
the are of which it talks is virtually a circuit, a continual re- 
constitution, it breaks continuity and leaves us nothing but 4 
series of jerks. . . ”1 In more recent years, active experimentation 
bearing upon feedback phenomena has reflected the diverse in 
terests of neuropsychology 2 engineering psychology; learning the- 
ory,* and sensory psychology.5 (The “learning theory” reference, 
in particular, bears upon relations among cutaneous, kinesthetic, 
and exteroceptive feedback.) Taken collectively, these studies may 
be viewed as representing a variety of approaches which m 
1n common the fact that they seek to describe behavior at а i 
more adequate than the simplistic reflexology so earnestly 2m 
ticized by Dewey. These feedback studies also have implication® 
for problems in motor performance which can be anticipated 18 
altered environments, such as is characteristic of space. m 

The Primary purpose of this paper was to describe two expe! 
ments using psychophysical techniques as a means of assessing 
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44, M. Notterman and D. E, Mintz, Dynami: | Response, 1965, 19 ith 
4T C. R. Licklider, On рзусћорћу 22720 of Response, A. Rosenb 
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effects п 
Upon non а simple motor task, consequent 
back. The form piion of either cutaneous or visual numeric feed- 
uous feedback: iha is representative of internal, response-contin- 
A secondary e he latter, of external, response-completed feedback. 
With a me dur pose was to provide psychophysical data gathered 
& modicum of monkey under feedback conditions which afford 
of the мек е ги with human performance. For both 
With his fore “на s here reported, S's task was to exert pressure 
in accordance wow upon an essentially isometric dise, doing so 
nitudes. Шэн E's instructions specifying required force mag- 
cutaneous and p ne response, 5 had available to him feedback of 
Visual numeric we me ошаш. Upon termination of the response, 
Was presented 2) back (continuous to three significant figures) 
AF/F functi o S by means of a digital voltmeter. Thereby, 
the effects e Were obtained. After a baseline was established, 
anesthesia шкөн cutaneous feedback by means of local 
information pon I) and of eliminating visual numeric 
unction obta: xperiment II) were separately explored. A AF/F 
@ dium ined with a squirrel monkey was compared with that 
of numeri е generated under conditions entailing the absence 
€ feedback. 


EXPERIMENT 1 


Repucep CUTANEOUS FEEDBACK 


Sub; 
Jects. 
The Ss were one woman, age 45, and one man, age 33, each having 


а nor 
mal medi 
Marana ДЫ and psychological history. 
ед Бу N е apparatus was a modification о; 
otterman and Mintz; instead of 


р f the analog-computer system 
ns a strain gauge, а Sanborn 


ducer 
9€ the зуны FTA 100-592) served as the manipulandum. The portion 
КАЕ of Fs er upon which 8 exerted pressure was 18 mm. in diameter; 
ree lett-Packard disc was less than 04 mm. for forces up to 200 gm. A 
bon rd Digital Recorder (Model 5618) registered peak force upon 
ly and noiselessly dis- 
] 405-AR) in neon 
e voltmeter was 8 
a numbered label. The 
requirements (standard 


fi y 
Bures р а Hewlett-Packard Digital Voltmeter (Mode 


О 
lam, Data] 


a distance (at 
rest was 
ove the 


Slipp CUT 
Bh e. Th : 
Ч е S was seated in such manner as to assure 


Use y below 
q eye-level) of 3 ft. between S and the display; ап arm 


Man: О positi 

Ч, Sit ч 

à ion the limb so that the right forefinger was just above 
th forces matching 88 


Cog Чапа 
Зе um, 5 
2 ly as oda was then instructed to press the dise wi 
e the standard signalled by each lamp, and to do so as often 


Otte: 
Tm 
an and Mintz, op. cit., 9-19. 
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as possible, consistent with accuracy. Each session began with the — 
requirement and consisted of two ascending and descending series. Standar 8 
were successively shifted after 1-min. response periods; there was no ieu 
separation between presentation of different standards. A 1-min. rest peuo 
separated ascending and descending portions of each series. This regimen 
was in effect for 10 successive daily sessions. Approximately % hr. prior to 
each of two subsequent sessions, S's right index finger was injected with ap- 


1 3 E : 4 
proximately 1.25 сс. of 1% xylocaine hydrochloride, a dosage routinely use 
to establish topical anesthesia. 


Results. The SD of response forces emitted for each force 
requirement was computed separately for each of the two Ss. 
The SDs were then divided by the associated foree requirements 
to yield AF/F ratios. Average curves were computed and appear 
in Fig. 1; they are based upon performance over the last two 
preinjection (baseline) sessions and the two postinjection sessions, 
respectively. The baseline curve departs somewhat from data 
previously reported,’ the differences probably being due to changes 
in the physical characteristics of the manipulandum. Analysis " 
variance showed the postinjection and preinjection curves to и 
significantly different (P = 64.04, dj = 1/9, р < 001) in spite 
of the reversal at the 200-gm. level. Rate of responding vane 
from approximately 42 to 37 presses per minute for one 5, an 
from 56 to 46 for the other. In both cases, the decline in rate 
was associated with increased force requirement. 
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OF XYLOCAINE 
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REQUIRED FORCE (GM) 
"x 1. Precision or Torce EMISSION as IxrLUENCED BY ANESTHETIC 
NTERRUPTION ОР CUTANEOUS FEEDBACK: EXPERIMENT I 


1D. E. Mintz and J. M. N а по A SUP" 
iadt Pigeon. Šal, 2, 1965, 259-299 41, Force differentiation in hu «tof 
." values are based on pooled estimat hich include all Pis 
actions with Ss. The reported F values ue к Кын ны те, since Se 
procedure tends to underestimate Fs if nontestable interactions in, the 060, 
o анин are unequal to zero (Q. MeNemar, Psychological Statistics, 
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Discussi : " 
force rs art is evident that deterioration in the precision of 
the effects of 2. provided a convenient means for assessing 
here are two pc anesthesia, Such a result was not unexpected.’ 
their iene |. of the data, however, which may enhance 
Precise evalua Hort п) Тһе curves аге suggestive of means whereby 
or of different d of the specific effects of different local anesthetics, 
They are indi ies CE of the same agent, may be made. (2) 
cedures may ча ive of the manner in which psychophysical pro- 
in бедене (Миг used to determine the extent of sensory deficit 
or to trace ree aint purposive movement (6.0. multiple sclerosis) 
Conies ery after appropriate therapy.?° 
Were dius A of the fingertip flesh and distortion of the skin 
of the two ed to be near maximum at 200 gm. The overlap 
Tansition Мн at this standard thus may be indicative of 
cues, Мн | ard reliance upon kinesthetic rather than cutaneous 
in the absence of local anesthesia. Such an interpreta- 


ion 18 
» at present, speculative. 


ExPrRIMENT П 
с FEEDBACK 
re used, with the excep- 


REMOVAL or VISUAL NUMERI 


The 

: Same 

tion that аш apparatus as in Experiment I we 
igital voltmeter was removed. Upon presentation of the signal, 


Was геси 
quire: men 
“эн below to press within a specific range of forces which extended above 
Ve targets fa indicated target force. This range was = 1 SD for the respec- 
8 computed from the responses of each S in the preanesthetic 


азе of E 
үс 
periment I. If S pressed within the designated range appropriate 
ously followed response 


9 each 
wn standar gy 
ination ou a distinctly audible click instantane 
, Ceseendin FREY ARE, the end of a response received no notice. Ascending 
E series, response periods, rest periods, and number of daily 


long 
were 
the same as for Experiment I. 


Resul 
t 
s. Weber ratios were computed on the basis of the SD 


Orc 
8 roi d emitted, as averaged over the last two sessions, 
Mflerent б] the middle curve in Fig. 2. This curve is significantly 
(lower) Ed = 13.95, df = 1/9, P < 01) 1 from the baseline 
urve obtained under conditions of visual numeric feed- 


9 
tro] theodore 
nive VO de arton, Peripheral afferent cutaneovs information and the con- 
licaj ty, logo) 220101 activity, unpublishe PhD. dissertation, Princeton 
10 190 of press Also, К. A. Provins, Sensory factors in the voluntary ар- 
Oh ure, Онон, J. exp. Psychol., 9, 1957, 28-41. | 
litt: Movement Т and A. J. Berman, Some quantitative features of invol- 
Ы See? рр Final Report, Мау 1, 1968, Division of Vocation: Reha- 
en. 8, ment of Health, Education and Welfare. 
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back (Experiment I). Again, rate of responding tended to decline 
with increased force requirement. 


Discussion. Under the particular conditions of this experiment, 
the effect of removing visual numeric feedback and substituting 
‘yes-no’ auditory information was to increase the AF/F values 
by approximately 20%. What is perhaps of equal importance in 
the data is the fact that they permit rough comparison of human 
performance with that of a monkey’s, the lower primate not ын 
routinely doing without the benefit of numeric information Dv 
also often serving as the subject-of-choice in the pharmaceutical, 
neurological, and space research referred to previously. 4 

Accordingly, one male squirrel monkey (about 215 years old, 
475-gm. body weight) was trained to press a disc-shaped mani- 
pulandum (19 mm. in diameter) located about 6 in. outside his 
wire cage. Forces greater than 10 gm. were required in order o 
obtain 75-mg. banana-flavored food pellets, routine 22-hr. hunger 
rhythm having been established more than 10 days prior to the 
onset of conditioning. Following 30 sessions of this procedure 
the animal was shifted to band reinforcement, such that терт 
forcement was delivered only if response force fell within the 
upper and lower limits specifying the band.2 Four such bands Ч 
required force were investigated: 30-40, 50-60, 70-80, and 90-10 
gm. The monkey was exposed to each band until performanen 
stabilized, whereupon he was shifted to the next higher banc. 
The number of daily sessions at each of these bands varied from 
14 to 26. All sessions were terminated following delivery of 7 


i . А ta 
reinforcements or an hour’s time, whichever came first. D? 
05| 
* BASELINE 
* SQUIRREL Mi 
04 * REMOVAL OF VISUAL. 
NUMERICAL FEEDBACK 


AF/F 


9 50 — 100 150 гоо 


REQUIRED FORCE (GM) 
Fria. 2. PRECISION or Fo: 


RCE EMISSION as INFLUENCED BY REMOVAL OF 
Visuan Nu: 2 


MERIC FEEDBACK: Experiment ЇЇ 


12 Notterman and Mintz, op. cit., 101-110. 
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rane was based upon performance averaged over the last five 
ays at each band. The resulting AF/F function appears as the 
Upper curve in Fig. 2, the midpoint of each band serving as the 
standard F. 
Res the average, the monkey’s AF/F function was about 50% 
with h than that generated by ‘yes-no’ feedback data obtained 
Zener. Эргэн Ss. As is characteristic of animal psychophysics in 
Were al, the differences in motivational and reinforcing parameters 
diff vp as to render direct comparison with human data quite 
of ^im t. Moreover, since the monkey had no armrest, the weight 
esth е extended forelimb could quite readily have influenced kin- 
аз 23 feedback and, thereby, the threshold. (The weight factor 
ion Special relevance for space research, in that further degrada- 
Tee of performance can probably be anticipated in a ее, 
е lia yironment. Such seems reasonable in that the weight i 
irai ceases to be of any consequence 1n the production 2 
in r^s forces, thereby probably leading to concomitant loss = 
Ну Шен information.) It is also true that the superiority 0 
with discrimination in this elementary motor task is aae е 
Phas} evolutionary and anthropological suppositions placing em 
е “Is upon manual dexterity in attempting to account for man’s 
Velopment, 


SuMMARY 


i 1 the 
“реги i hysical procedures to assess 
ents using psychophy 5 4. Experiment I was 


of changes in feedback were describe i зав 
ned With cutaneous (or response-continuous) information; 
Ment II, with visual numeric (or response-completed) мн 
Чоп, The two types of feedback have approximately 2 
With 0868 under the specific conditions reported. ш oor 
i5] “Xperiment II, a AF/F function, describing Weber ga 
m E emission, was obtained with 8 squirrel monkey e 5 
of Pared with that obtained for the human 85. The possib os : 
Wai ‘esthetic feedback and its relation to weight of the 1 
18618864, 
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TIME TO LOCATE PROBE ITEMS 
IN SHORT LISTS OF DIGITS 


Sternberg proposed a theory of the process of retrieval in serial 
lists—a theory which relates response latency to the length of a list 
and to the serial position of the item to be located. In the first 
of his studies cited, the time to indicate whether or not a probe item 
was present in a previously learned list was shown to increase as 8 
linear function of the length of the list. Since latencies for positive 
and negative responses did not differ greatly, it was argued that 
scanning through the series, in both cases, was exhaustive. In the 
later paper cited, the relationship between probe position and latency 
was examined directly, The Ss were asked to name the items follow- 
ing a probe item in a list. There was a pure primacy effect: response 
latency increased as a linear function of the serial position of 
Probe items. There are two unsatisfactory features of this second 
experiment, however. (1) There is obviously a danger in seeing 
the task of indicating presence or absence as equivalent to that of 
indicating the next item. Using grammatical material, it has bee? 
demonstrated that the task of scanning to locate (ie. to indicate 
presence or absence) may be a component part of the task of scan- 
ning to retrieve another item,? and the relationship between 86118 
Position and search time for the two tasks may thus not be identical. 
(2) Sternberg's study confounded errors with list length, which 
nnedy failed to reproduce the apparently 
een reaction time and probe position.? Р 
Ыар as a Бод, огш, Derosa, and Stultz examined -€— 

а Tunetion of probe position, using sets of four dig! 
selected from the numerals 1-8. Closed sets (those in which the 
digits could be permuted to form a consecutive series) and open sets 
5 са Which the digits would not form a consecutive series), 18 
8s indicted pronus Ce ШЕ QUEUE sequenoesp Wete ET 

e or absence of test digits by saying € 
ua (oet Publication December 2, 1968, 


igh speed scanning 1 h 5 153, 
652-654; S. Sternb 5 Б In human memory, Science, 
Psychon. Sci, 8 1967, Bega ҮА of contextual information from ше 


ein Kennedy and A. I, Wilkes, An analysis of stora e and retrieval P?" 
cesses 1n memorizing simple Sentences, J. exp. Psychol, i Ч cd rit. 
2 A A. Kennedy, Response latency in the ang e np it short lists, В 

- Psychol., 59, 1968, 1-5. Serial learning of s 
+R. E. Morin, D. V. D rosa, and and Te 


е "T r 
action time, Acta Psychol., 27, 1967, AE Recognition, memory, 


1906, 
mory: 
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“yes” or “по” є Р 
probes and той Rint wing between the serial position of 
showed a ica p atency was similar for all subconditions and 
4 was very mu x recency effect. In all cases, latency at Position 
sets, latency x: хэнэг rapid than at any other position. For open 
latencies мут Ээ F osition 2 was always longest. For closed sets, 
Te a o ion gig dinot diftar. 
heory, ioe are obviously in conflict with Sternberg’s 
set out to ie nerality ls somewhat limited, and the present paper 
Serial posit; REATO the relationship between response latency and 
10n in lists of varying lengths. 


Subject METHOD 

cls, T} т " 

um. 1e Ss were 10 students in the University of Dundee, 4 women and 
TOocedure, N 


number tables e digits were drawn from random- 


24 four-digit lists, 18 three-digit, 
equal representation of each 


inety lists of from one to fiv 
о Ы. There were 30 five-digit lists, 
Serial positio and 6 one-digit lists. In this way, 
5 lists each $ was maintained. The lists were placed in two random series of 
iin the ке опе вегїев, each list was followed by а probe item present in the 
'Sts, each follon Series, probes were not represented in the lists. The total set of 
Pe at a rate owed by a probe item, was then randomized and recorded on 
Preceded мэн of one item per sec. Probes followed 2 sec. after a list and were 
w bonded by warning tone. There was а 4-sec. interval between lists. The Ss 
as Tecorded Saying “yes” or “no” to a probe item. The entire testing session 
Probe item and later processed by playing it through a voice key, where а 
started a timer and 88 response stopped it. 


‚ Mean p RESULTS 
S hom: ao latency at each serial position for positive probes 
n Ms, th at Fig. 1. Clearly, for lists containing three, four or five 
li Aree indo айопгыр between position and latency was not linear. 
ists, niet analyses of variance were carried out on these 
Position wy being subjects and position. In all lists, the effect 
digit, p as significant: three-digit, F (2,18) = 4.80, р < 05; 
WR ч (3,27) = 5.50, р < .01; five-digit, F (4,36) = 5.02, 
3 9 final po ctween-means comparisons showed that in each case 
er infr. Sition was significantly less than Position 2. Errors were 
Mean бин uent (< 2%) and were replaced in the analyses by 88 
it lg. 9 hes the relevant condition. | 
le to iss the mean latency for each list length, comparing 
to oth sh leate presence and absence. Wileoxon tests at each 
i negative probes 


с, the differences between positive and e prol 
cant for two-digit lists (p < 01) and three-digit lists 
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(р < .05). The difference for one-digit lists also approache 
significance, 


Discussion 


The results of the present study were not consistent with € 
tions made from Sternberg's model. The exhaustive-scann "s 
hypothesis must, be rejected on the grounds that times to ройи 
and negative probes for a single list length were not always iT 
The serial-comparison aspects of the model were not supported 
the evidence of a curvilinear relationship between latency es g 
probe position, Rather, the results supported earlier work, Us! 
Paired associates, which demonstrated that for unstructured lis 
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the end positi 
In Biens sigue ere more accessible. The apparent differene 
but may reflect sition 1 for the five lists were difficult to inter юэ 
Ез series. no more than the rarity of short lists within the 
model 1 Е 
анча зарыг игер. some mechanism providing for priorit 
material bein rticular positions within a list is called for. If Pa 
then there is pier is structured in some way, 88 with сейн 
marking gram 185008 that priority of access is given to positions 
on the other — boundaries." In the case of unstructured lists 
imposing rhyt] no, S may impose structure through recoding or Ву 
study еге sta in rehearsal? The short lists used in the present 
eginning and Ён structured by means of two defining points (the 
t may Well be бо end), and these points had priority of access. 
Position-by-po р hat for this task the notion of serial scanning (i.e. 
kind of b Ecc matching) does not invariably represent the 
of the proces process which S initiates. Little is known in detail 
Sensitive I of search in short-term storage, but it is likely to be 
Storage м only to the particular decay characteristics of the 
Coding un чег but also to the mechanisms of rehearsal and re- 
pee of (relativ А control. The present results suggest that for one 
8 two level ely fast) auditory input 8 merely categorizes stimuli 
*vealed n s of accessibility. Within & vel, search time 
о obvious scanning strategy- 
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RETROACTIVE INHIBITION, CUE SELECTION, 
AND DEGREE OF LEARNING 


Schneider and Houston have demonstrated that in a paired- 
associate situation, stimulus selection during List-2 learning сап 
influence amount of obtained retroactive inhibition (RI). Their 
experiment was based on this analysis: 


‚+ Assume different responses are learned in two successive trigram-adjective 
lists. In addition, assume that the second-list trigrams are surrounded by 
colors. If 5 selects a component of the second-list stimulus which is identica 
to the stimulus utilized in the learning of the first list (viz., the trigrams) 
then the situation corresponds to the A-B, A-C paradigm. Considerable un- 
learning and competition are expected to occur in this situation. On the other 
hand, if S utilizes a component of the secondclist stimulus which is different 
from that used in first-list learning (viz., the colors) then the situation сн 
responds to the А-В, C-D paradigm and much less unlearning is expectet 
Partial attention to both components might result in intermediate amounts 


of RI2 


As predicted, their data indicated that RI increased as pressure 
to attend to the trigrams during List-2 learning was increased. 
The purpose of the present experiment was twofold. (1) It 
attempted to replicate the findings of the earlier study. (2) 
varied the degree of List-2 learning. The Ss learned List 2 either 
to a criterion of one perfect trial or to a criterion of one perfect 
trial plus 10 additional trials. The question at issue was whether 
the overlearning condition might produce an increase in RI ОТ 
Some of the pressure conditions. Specifically, James and Green? 
have found that during overlearning, Ss will utilize, oF best 
to attend to, cues which were ignored prior to the attainme? 
of the criterion. Thus, in the present study, one might expe? 
overlearning to produce a shift in attention to the trigrams 87) 


. . . B i 
Corresponding inerease ip RI in those conditions where pressu” 
to attend to the colors exists, 


Мєтнор 


Р А s n with 
Design, lists, and procedure. The experiment involved a 2 x 6 design Len 
one factor referring to the variation in degree of List-2 learning (Степ 
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hibition, J. exp. Psychol., 77, 1968, 168163 mulus selection and retroac 
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and Overlearni ет 
of цагг The other factor referred to six different de 
two Бусан — to the trigrams during List-2 learning. All Ss jene 
List-1 recall. е -associate lists and were then tested immediately for 
he List-2 respons igram-adjective lists (1) were identical in all 12 conditions 
List-1 Коко p all conditions were adjectives which differed from the 
Stimuli were E E two A groups (Criterion and Overlearning), the List-2 
The List-2 TE hese groups corresponded to the А-В cD бараба. 
different, colors 2 in the B-E groups were the List-1 trigrams surrounded by 
learning, Ss eae in these groups were given different instructions on List-2 
‘snore the trigr he B groups were instructed to attend to the colors and to 
Would be ше during 1451-2 learning. They were informed that they 
> үсгээ — colors alone following the completion of learning. 
= D groups Ss “сөн Бэр no special instructions on List-2 learning. In 
р Were informed tl asked to attend to both the colors and the trigrams 
warning. The E edes they would be tested with each type of cue following 
wee told that the ps were instructed to attend to the trigrams alone and 
igrams alone units would serve as the cues in the ensuing test. The 
Broups, which аы the colors, served as the List-2 stimuli in the F 
in © assumption расы to the traditional А-В, A-C interference paradigm. 
" the Schneider hind the development of these six conditions, as detailed 
am during List ae Houston study,* was that pressure to attend to the tri- 
List-2 learning would increase as one moved from the A to the 


£roups 

- Accordingly qm 

m List-9 UB. the predictions in the present study were 88 follows. 

st- ing is taken to a criterion of one perfect trial, а decrease in 
o the F groups. This half 


1 ree 
all 3 
of the tie шй аз one moves from the A t 
, with one or two minor changes, replicated the Schneider and 


Ous 
si ton Study.5 Beca Е 
ause of the mechanism suggested by James and Greeno,> 


Легеђ. 

i У Ss begi 

An; egi 3 А 

We overlearning, s attend to previously unsclected stimulus components dur- 
Байг g, it was predicted that overlearning in the present study 
е in List-1 recall 


lead š 

Озе а ин to the Criterion conditions, to 2 decreas 
the colors us where the trigrams were avai! end 
Er jects and oe during List-2 learning, ie. in 
bn i Santa тше, The Ss were 120 undergra 
[A ed 10 blocks quies The 12 conditions were randomized 80 that they 
lista ere assigned io conditions. Each condition occurred once in each block. 
nj, *d in this o this arrangement as they appeared in the laboratory. The 
di ж e шоу bs those employed and described by Barnes and 
each сэн adjective consisted of one set of eight trigrams, two sets of eight 
ing 85 were de and eight different colors. Five presentation orders of 
ЇЇ Tea eloped, and each was used equally frequently 88 the start- 
rning was at a 2:2-sec. presentation rate. The intertrial and 


TIE ord 
ter: er, 

to "list intervals ив i 

ere 4 sec. and 1 min. respectively. List-1 learning was эь 

аз taken either to this 


Cites terion 
Поп or to Es one perfect trial. List-2 learning W 
his criterion plus 10 overlearning trials. Ss were presented the 
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the B and C groups. 
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trigram stimuli 1 min. after they completed their List-2 learning, and 
were asked to recall the correct List-1 responses. Each trigram was t 
for 2 sec. The responses were not exposed during the recall test. Between the 
presentation of succeeding stimuli there were 2-sec. rest intervals. 


RESULTS AND Discussion 

As expected, an analysis of variance revealed no significant 
differences among the 12 List-1 trials to criterion values: 4 
= 2.04. Table I contains the List-2 trials to criterion values 80 
the mean List-1 recall values. An analysis of variance applied 
to the List-2 learning data indicated a significant group effect: 
F (5,108) = 958, p < 01. This was probably due to the 
difference between the F and A groups, since the F group qpr” 
responded to the highly negative A-B, A-C transfer paradig 
while the A group was similar to the traditional A-B, C-D contro 
transfer paradigm. When the F and A groups were excluded from 
the analysis, significance was not attained: F (3,72) = 240. 
This suggests that the instructional pressure involved in groups 
B-E did not, in fact, affect List-2 learning. The degree of Jearning 
and interaction effects were not significant: Fs < 3.04. 

The List-1 recall data replicated the Schneider and Houston 
finding That is, there appears to have been a decrease in List- 
1 recall from Group A to F: Р(5,108) = 17.83, p < 01. Thus 
the basic hypothesis, which states that memory losses may hg 
strongly affected by cue selection occurring during interpolate 
learning, receives additiona] support from the present study: 
Contrary to expectations, however, the degree of learning 97 
the interaction effects were not significant: Fs < 1.76. The e% 
Pected increases in RI did not appear. There are a number ° 
possible explanations for this fact, For example, it could be that 
а shift to the trigrams during overlearning did not occur in the 
B and C groups. The Ss may have avoided the trigrams in sd 


TABLE I 
Mean Lisr-2 LEARNING AND Lisr-1 RECALL VALUES 


Group 
" H . H ee” 
List-2 trials to criterion 


me ^ B [o D E E" 
riterion - 5.90 94 1.40 17 
Overlearning 4.30 3 EE p 15:80 13.20 
боны List-1 recall 2.60 
riterion 4 5.6 Я 
Overlearning E^ Fi 5:70 3.60 4.10 8.20 1.90 


5.80 5.00 2.90 2.80 
8 Schneider and Houston, op. ciL., 167. 
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experiment " ы 

would have d overlearning, because to attend to them 
between List 1 ge. a competing negative transfer relationship 
that the shift t and List 2. On the other hand, one might argue 
be a reliable о previously ignored stimulus components may not 
data which 5i general phenomenon. Houston, in fact, reports 
edirected t 5 o display such a shift? Further research should 

! oward the resolution of these ambiguities. 


SuMMARY 
jate lists and were 


Subj 
ject 

S learned two successive paired-assoc 
It was found that 


€n te 
rdi ee recall of the List-1 responses. 
end to the cr ШЫ increased as pressure Was increased to at- 
uring List. | -4 stimulus components identical to those utilized 
cue selection earning: This result supports the hypothesis that 
determinant during interpolated learning can be an important 
Ing was ruler retroactive memory losses. Degree of List-2 learn- 
to be unrelated to the strength of these effects. 
Nuva G. SCHNEIDER 


Uni 
lversi 9 
ity of California, Los Angeles 
LPT Joun P. Houston 
attention 119081 ; 
J. et хунар e dr emn selection 88 influenced by degrees of learning, 
+ Psychol., 73, options pa experience with the stimulus components, 
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ERSIVENESS OF NONREWARD CUES AS A 
к EXPOSURE 


FUNCTION OF DEGREE 0 
from experiments 


The 
Wh: cone 
m hieh follow. of latent extinction 18 derived 
© exp & specific procedure: after acquisition, animals in 
nto a goal box without 


eri 
tria] dis group are placed directly i 
кн Animals цэг of trials prior to initi incti 
Dla ME the test ni Sig in this manner show more rapid extinction 
ting rents. P rials than those not given previous nonrewarded 
tion phen mong the many interpretations of this latent-ex- 
frus rativ omenon is one which focuses 0? the aversive effects 
e nonreward induced by the nonrewarded placements 
ted was SUp- 


ЕЗ 
Reece: 
Porteg civ 

d Bed fo ГЭМ” 

А Уа giants blication 28 August 1968. The research repor 

rom the National Research Council of Canada, РА-247. 

tial reinforcement and discrimina- 
eoretical extension, Psychol. Rev., 


ation of the extinction 
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Thus, according to the frustration hypothesis, the шрийвийн “i 
nonreward leads to an aversive drive state known as hag = 
the animal, seeking to avoid this aversive state during ез 
tinction period, acquires alternative competing responses 

en the extinction of the ‘correct? response. | : 
г which are generally accepted as relevant to the эртний 
tion hypothesis demonstrate that the number as well as да кон 
tion of preextinction trials contribute to the гое Бані E 
effect? Such experiments have not considered direct panis i 
of the aversive properties of the nonreward cues. The in 
experiment was designed to determine if rats are able to associ : 
distinctive cues with different degrees of nonreward and, clt 
consequence, show differential avoidance of such cues in а do 
choice test. More specifically, the aim of this experiment t s 
determine if the aversiveness of nonreward cues is related to 
number of nonrewarded placement trials. 


Мєтнор 

Subjects. The Ss consi 

tats of the Wistar strai 

the experiment. Th 
gm. at that time, 


aive 
isted of 14 male and 14 female expe AERE БЕ a 
n. They were about 60 days old at the cc 2 
e males weighed about 250 gm. and the females abo 


arms 
aratus consisted of a short-stem Y maze, be in. 
end boxes. The stem was 10 in. long an А 


four 
Procedure, All the rats Were placed on a daily food ration of 10 gm. 
days before the 


TOM jon 0 
*J. A. Dyal, Latent extinction as а function of the number and duratio 
the pre-extinction exposures, J. exp. Psychol., 63, 1962, 98-104. 
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whi " 

Hee placed alongside the stem to form the Y maze. The rat was 

айй Apna Po into the stem so that it faced the end opposite to the end boxes, 

the time im to wander about the apparatus for 1 min., during which period 

the end of ET in either end box was recorded on a cumulative timer. After 

cage. This t e l-min. period, the rat was removed and returned to its home 
raining and testing procedure was continued for 24 days. 


RESULTS AND DISCUSSION 

trai analysis of the time spent by the rats in either the more- 
hey or the less-trained nonrewarded end box revealed that 
с A ae san the less-trained (F — 8.031, df — 1/26, р « 01). 

у ы M of Fig. 1, which plots the proportion of time spent 

trial |, rats іп the less-trained nonrewarded end box, by 
e мон indicates that this preference reached asymptote by 

eere y the fourth day. There also did not seem to be any 

ase of this preference over further trial blocks. 2 

of "i Analysis of the total time which the rats spent in either 
Over hn boxes showed that there was а significant decrease 
est m (F = 14835, df = 5/130, p < 01). With ш 
or nials, the rats spent less time entering the end boxes an 

rs returning to the stem or staying there. It should be 


no 1 ) : 
rd that the animals spent significantly more time in the a 

x than in the white box (Р = 37.750, df = 1/26, P < 2. 
al нэг : ын ber of nonrewarded 


аз. уаз independent of the num 
he ae Lae they received in either box. 

leate t} mS SE this experiment are interes 

nat the animals found the cues 2850 


р 
ting because they in- 
ciated with five daily 


Proportion of time spent in 
the less-trained end box 


1 2 3 4 5 
Re Blocks of four days 


Lp 
+ Pn | 
PORTION ок Tıme Spent IN Lrss-IRAINED N 

over TRIAL BLOCKS 


ONREWARDED Ew» Box 
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nonrewarded placements more aversive than those € bua 
one daily nonrewarded placement. In contrast to the Type e ved 
extinction design where an animal is given 22 Saar 
entering an end box previously paired with feeding вий й 
box previously paired with nonreward,? the present на ae 
was designed so that the animal was given a choice pet 
two end boxes both of which were associated with nonre A. 
The other major procedural difference between the present pee 
ment and the latent-extinction studies is that a temporal m z 
than a frequency-of-choice measure of preference was use 
this study. 
It is хосын that the animals were able to associate өү 
distinctive cues with various degrees of nonreward and sn 
exhibited differential avoidance of such cues during a шин, 
test. Not only did the rats show a greater preference for the Ше 
trained nonrewarded end box over the more-trained one, but ad 
also spent less time entering either of these end boxes with ын 
creasing test trials. More substantively, the aversiveness ЭР си 
less-trained nonrewarded cues appears to be positively relate 
the relative number of nonrewarded placements, 
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By E. E i 5 1 i 
y E. E. Rump, University of Adelaide, Australia 


oparallel plane at 8 
s S. If c is the per- 
the invariance 


A sta ^ j 

Бхые 53 object is positioned in the front 

esie йс the observer; its frontal size 1 

у jective size and 8 the perceived distance 
Pothesis (ТН) predicts: ° | 


Severa] dif : с/5 = S/D. 

9 and 4 culties arise in testing the IH. In particular, measures 
May be d must necessarily be indirect. Because of this, validity 
Object, ime анин, e.g. when physical measures for a comparison 
inestheties e as o and à. Moreover, indirect measures involving 
{or vari or proprioceptive? judgments are liable to have high 
fit were гээ Errors of measurement may also lead to bias, even 
А one iuh | that “variations due to inaccuracies of measurement 
POsitio d be randomly distributed.” Certainly, constant errors 
Mates of n, order, and direction of adjustment may occur in esti- 
Scaling с and 84 Partly because of this problem, at least one 
* Constant may be introduced into the TH equation, which 
1 


Ш 


Reece; 
W. elved for publi b E 
С ication August 9n, Ded size and distance of familiar 


0b; А 
As, Башар nnd H. W. Mertens, 26555 
1 . Sk 9, -225. 1 i 

дар object h В. 0. i P ad 22555, Harker, The retinal sie op 
(T је ава determiner of apparent distance, Psychol. Monogr. ^^ 
АЗ, Whole No. 442) — 

Роек 010, J. Park, and ‘A. Casey, The current status in 
Я h develop- 
J. F. Wohlwill, The S Ser 


Ment 16, error 

(б of o of the standard, as described by Ус 

К verconstancy’ in Space perception, in L. P. Lipsitt and ©. 512 Also 
ances in Child Development and Behaviou’, 1, 1963, TU JOURNAL, 

Moy » 564 he time error in the comparison of visual “ү direction of 

R ame me Note further that, for example, an t Veckowicz, an 

all, ров distanee judgments was reported PY schizophrenic mena 


Pati 
enta, ce constancy in schizophrenic and 


- clin. Psychol., 16, 1960, 274. 
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ее таб 
may then be regarded as giving a correlational prediction: 


2] 
o/6 = k-S/D. | 


2 and 6 
However, the doubtful validity associated with aoe мөсөн 
remains. Cook has suggested a method which overcomes th { the above 
He has derived equations from simultaneous жээ have been 
kind, such that the perceptual terms and the constan 1 method and 
eliminated algebraically. In describing the experimenta aid under- 
equation, a simpler notation than Coo vs is used here 5 S and 8 
standing. A measure of physical size is represented r used 10 
measure of physical distance from O by D. Subscripts on (s) the 
denote the three objects viewed: (st) represents the ae resents 
size variable, and (4) the distance variable. Thus, Sun or ticular 
the physical size of the standard. Other constants for the ien an 
experimental conditions are Si, Daun, and D. Size ie method, 
es are also represented in this way. In Cook 2 variable 
O makes three types of matching judgment in turn. The he rm da 
is adjusted so that it looks equal in objective size to the e that it 
to give the value Sa. The distance variable is adjusted B the size 
looks as far away as the standard, giving Dy). Finally : ks equa! 
variable is adjusted again, but in this case so that it p mate 
in objective size to the distance variable; this Sec ria meen 
is denoted by 8"). For this last judgment, the distance to be 
must be set at distance Dw for Cook's prediction н вегі 
strictly applicable. The three judgments are repeated over а 


т 
2-8 A б'е 10 
of n trials, and means are obtained to give Sus» Du, and 
each О. 


h- 
mate 
uation 2 may be applied to the situations when үе ion 
ing judgments have been completed, and by algebraic co 

and Substitution, this equation may be derived: 


(3) 
S en = 

This is Cook's Equatio: 
is given by Cook, and і 
errors). However, iti 
should be Tecognized. First į 
Tepresented by Equati 


ей dE. 

r сеју ; 

Rump, The relationship between perceived size and per 8 
tance, Brit, J, Psychol., 52, 19 


js 
61, 111, cance hypothesi9, ‘pis 
8 М. L. Cook, exact test of the size-distance invariance jgcu 
JounwaL, 79, 1966, 568-575. I am grateful to this author for 
erivations with me. 
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TH to the experimental conditions outlined. Second, the perceptual 
terms с and 8 have been eliminated, and all terms in Equation 3 
represent physical sizes or distances, both conceptually and in their 
Operational identification. 
In order to demonstrate the relationship between Equation 3 
x the more conventional application of the IH, the former may 
* rearranged by algebraic transposition of terms: 


NES Da 1 Sa}, 4 
in i Sen oa = ( 1 

0) . 
бийо 4 predicts, then, that the size match set equal to the stand- 
“чч the product of the standard’s actual size, its distance match 
Эн ve to actual distance, and the size match set equal to the 
: чинь variable relative to the latter’s actual size. Now if 5 "EL 
hel Which would be the case if the sizes of both size and distance 
Tables are Seen veridically, Equation 4 reduces to the special case: 


Р р 5 
Sa) = Sun (де). ! | 


Эд Special case predicts that the size match to the се 18 
th Tonal to its distance match and has often been used in testing 
' 16 is therefore termed the conventional equation. - 

°regoing demonstration has interesting theoretical conse- 
io, Conventionally , Equation 5 has been derived from the ас 
2 Бу substituting k = 1, с = So, and ô = Da. € 
ушы stitutions imply an assumption that for size and E ж 
Stales ^ Viewed under optimal conditions, perceptual and di » 
Equa Ате identical. On the other hand, the above н ын li 
such es аз a special case of Cook's equation does not zwi 3 
283 Weeping assumption. It depends only on two very s ын 
пабе Pons (which may be checked empirically): that the me: m 
that Эн, distance variable at distance Dia 15 without error, 


taneg. t Stent to the size variable do not p ын реа 
tion, Coole? : 8 placing 
long 8 formulation may be seen, then, тё) Equation 4 


Ùs itg , dation 5 on a less speculative basis. ў 
аг ension to cases in 2 ch it can not be assumed that the size 
Thera : € distance variable is without error. d to 
18 à further development which arises from ut. 
абез of population parameters from the samp s Pi pe 
- Cook has shown that an unbiased “eee uation 
expectations of Da, and S'o is шилийн 
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4 if a correction term is introduced for any correlation between the 
sampled values of Dia) and бүл) over the n trials. The precise TA 
sion of the prediction equation, for use when the sample of trials 1 
small, is then:* 


Г) 512 1 85! 
"M pes со — > covar Da: S'o (6) 
(a) (st) Diy Seay 

For convenience, the right-hand side of Equation 6 is referred to as r 
the basic prediction for the experiment described below, then, i Їз 
that the variable S, is equal to or at least highly correlated Өш 
predicted value, Y. It may be noted that the covariance gua 
term in Equation 6 has a very small effect in practice. In the pian 
ment described below, its value as a proportion of Du; со was OP 
01%, a negligible effect, :on 10 

Having described the nature of Cook’s method and its pm 
the conventional method of testing the IH, certain criticisms T » 
be noted. It has been pointed out that two additional assumptions 
are required: that the standard remains unchanged in perceived ne^ 
while the size matches and distance matches are obtained, and : nt 
the standard is seen as upright.” However, no O in the ene 
reported here remarked on a change in the size of the standard мет P 
any trial, nor were sloping stimuli reported, so that these we 89 
Sources of error are of little interest. A more relevant mee а 
Concerns Cook's method of reporting his results. He reported uss 
10 of 11 Os Save a negative error of prediction, but he did not dis Е їп 
the size of the discrepancy. The deviation from exact predicto" 

00k’s experiment, could, then, have been quite small and due to 80: 
bias in the measures involved. It can not be concluded that the I 
completely invalidateq by his results. It is more appropriate #0 ri 
the degree of predictive value afforded by Equation 6 and whethe 


0 шай 
18 an Improvement оп the conventional Equation 5. In р aot 
there could be a high correlation between S, and Y, even if 
equality of the two terms 


is not obtained for any О. 


"This equation 


a 
ЭРЭР , k's Pi 
EAN Is derived from Cook’s Equati 6 by setting С00 ров!“ 
гашен “D” equal to the predicted value of aes oe by algebraic transl 
ion. 


8 A convenient computational formula for Ү is: 
Y= SoolSu Doren} 


А . k, 
9 R. Britten, The size-distance inv; is: ly to Coo 
фида, 1067, 640 615. ance invariance hypothesis: A reply 


Tin + 1)-бау-8 сл) E пт. Z (Day So this 
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In 1961, Rump concluded that there was little evidence for large 
correlations across Os between size judgments and distance judg- 
ments in line with the IH.1° However, since that time a number of 
Such positive correlations have been reported.” It is possible that 
individual differences in the perceived size of the distance variable 
шэн occur, in which case the use of Equation 6 might give a 

'gher correlation than the conventional Equation 5. An experiment 
m. therefore designed to compare the accuracy of prediction from 
6 two equations, using three different standard objects. 


Мєтнор 


ent groups of Os were tested, one group for each standard. The a 
and 34 Matchbox front cover (as in Cook's experiment), 534 cm. in ro 
mes WE width; an oversized cigarette-box front cover (from н 
and аз ing size’ display pack), 17.00 em. in height and 1170 cm. in. mS 
box, The control, a white rectangular card of the same size as Ha cig: 
All ЫН height of the ‘cigarette box’ was 204% that of a norma one. 
S and Es were men, to minimize nonexperimental communications. 


All 5 
у two Os were tested by an assistant? and all ppm were 2 
i rom а typeseri f ! sion was treated as а training 5057 
Sion, wi Ypescript. The first O's sessi ad. To avoid the slight 


th both g 5 1 t analyz 
cha : 8 present; the results were no 3 ! | 
тиф în the position of the standards that would have peg if ope 
Cigarett Y ordered, 12 Os were tested with the card, then ын на с нын 
8ted = өх, and then 12 more with the matchbox. Four ad e; ne 
order ar the card, two by the author and two by the assistant as а € 


Cool: experimenter effects. 
x з : 1 с standard and 
distance method was followed, with some modifications. Cook's s 


Perime, variable appeared to lie in a darkened chamber. In 2 quo ys 
Void any € Objects were illuminated by two kien р” Os "- ned tex- 
Perime Y extreme judgments which might have occurred if p dinary 
Office ti al trickery,’ Moreover, the apparatus was Law ут чр ore 
ome Familiar to Os), with shuttered windows along the right side 
Slight daylight to enter. 


Ppar 
thej atus. All sti : dicu 
mulus objects were perpenaic 5 
оп 5 J 5 A с background. 
. Ber sides vertical, and were seen against a matte-black БасКе 


884 em dte Variable, placed centrally, was а normal playing card, with а= 
пае о Ар. attached to a vertical black rod, itself fixed into a 81 15 
from Яс a 4-m. calibrated metal optical bench. This extended bei Y 
на. viewing position to the far end of the room. The size variable 


lar to O's line of sight, had 


1o 
u jum А 
tion of fal. 8 " 
9f th Se perspective cues on distance- and size-jud ч . also 47 
e 5 : 5 0-256), 880. 
nd 34 (J. @variance hypothesis, this Jounnat, 80, pr minants of size 


3 © percepti 1, 66, 1963, 155-162). , iment, 
iol enthal Covert, 62р. Рата in the psychological experimen 
N. P. Rig 7, 1967, 350-367. 

1, whose work is gratefully acknowledged. 
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: d and at & 
distance of 100 cm. It could be raised through а slot in i make feasible the 
its height. The size variable was in full view of O so аз erceived distance. 
assumption that adjustment of its size would not affect 2 d with Don = 

Each standard was screened and positioned 20° to the le peeled diameter 
275 cm. Viewing was through a reduction tube of ийе ы is as follows. 
and 35.5-cm. length. The reason for using reduced-cue condi == are probably 
If all stimuli are seen under optimal conditions, M and its deriv&- 
nearly veridical over short distances, in which case Equation roperly test for 
tions, including Equation 6, necessarily hold true. In order to p ous judgment 
predictive value, some attempt must be made to induce re of the IE. 
only then does successful prediction indicate a strong veri! cae ilar reduction 

The distance variable was also screened, and viewed through a mine Again, 
tube, the two tubes being joined to give a common viewing ээн only when 
the reduction tube was used to increase error of ga Монг: the conven- 
Su) = Suy is any distinction possible between the Бадди. of all stimu 
tional Equation 5 and Equation 6. The centers of the aperture an ntrolled using в 
objects were 120 cm, from floor level. Position of O's head was ed ither directio? 
chin support and forehead rest, so that small turns of the head in e 
allowed O to observe each object with his right eye. . шав 

The reflected light from the direction of the stimulus objects Ч сай 
at the eye’s position for each session, using a Lunasix meter ап ize vari 
charts, The mean values converted to apostilb units were: for the pes for 
set at 17 сп, 16.5; for the distance variable at 275-cm, сэрэг) 15. 
matchbox, 0.4; for the cigarette box, 0.5; and for the white зас TH, had 9 

Observers. The Os, 40 undergraduates naive with respect to t que ав 08 
mean age of 19 years, 10 months. Three other students were no Ё 
because pretests indicated poor acuity. ith his eyes lote, 

Procedure, The О was led to his chair behind a screen with Р ver ће © 
Earmufis were Provided to reduce auditory cues, and a shield о 


ines of Sa» 
А jal, va е 
eye to ensure that Judgments were monocular. For each trial, wer 
Dia, and 8 


res 

*» Were determined in that order. Order and aom was ыг 
standardized to avoid ‘artifactual’ individual differences. Each ip s was ma 
average of an increasing and a decreasing adjustment. The size rco i 
creased by O's pulling a cord and decreased by his pulling ew nei 
Maintaining the viewing position. The distance of d was similarly 


of 
: means 
O. Both pairs tly connected to the variables by trial 
fixed pulleys, 


began. This me 


ensured 
bration 


ale: 

aad 
егес, i 

the end of the d reduction tube was cov 2 


e 80 
During 


during the S'u Judgments, 


| 
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due to ‘central tendency.’ The positions were: for d, 112 and 438 cm.; and for 
8 matched with the card or cigarette box, 1 and 33 cm, with the matchbox, 1 
and 97 em, and with the playing card, 1 and 16.7 em. ‘Objective’ instructions 
Were used for Si) and S'e», emphasizing that the actual heights should be equal 
if the objects compared were placed face to face. For the distance match, Os 
Were instructed to adjust the playing card until “it looks exactly the same dis- 
tance from your eye as the matchbox [or cigarette box or white card].” 

To obtain an estimate of subjective uncertainty of judgments, at the end of 
the session each O was asked to indicate “the limits within which you are 90% 
pure that the size of the st lies." These upper and lower limits were indicated 

У adjustment of the size variable. The difference between the two settings gave 

0 ‘range of uncertainty’ for Sq). The range of uncertainty corresponding to 


var judgments was also obtained in a similar way by adjustment of the distance 
iable, 


RESULTS 


Initial treatm 1 О was treated as prac- 
Ч ent. The first trial for each O wa s 

bes and was not analyzed. The distance of d set by E ee | 
wetmination of 87 for each of the 320 analyzed trials was checked. 


ч UNO trials, an error in setting d of just over 1 em. was made; these 


5 als were rejected, and all calculations were based on seven wp 
CD these two Os. The main statistics were checked by use 


tri 6400 computer after initial manual calculation. The values = 
Tals of Su, Du, Sen, ES! -оа and Y were found "i — 
fou he Ү against S plot for the white card was inspected, еи тн 
the final Os were found to show results similar to the — d à 
е 16 Os were therefore combined for further og s s 
sized. Values of the main statistics are given in Table | пре 

м at these statistics, including Y, were first er a : m 
Statist: ately before averaging over the groups- In all cas 


White 1°8 are given in the text for the matchbox, уы me "cs 
i 1 
ооа › they are quoted in that order. Levels of sig 


P Ч for predicted directional effects- 
Ted ng. А 4 
the ediction of growp means. Equation 6 may be used to predi 


T Ч tehes, Din 


termed »: The predicted value is the right-ham hould equal 
zero, * The mean error of prediction (Sen = Ү) 8 +01 em 
“12 9 obtained values for this error of prediction were ^id 
Value. cm., and —0.49 ст. for the three standards. None Жем 
failea LE Significantly different from the predicted zero us ene 
154 nests: the t values were .04 1.92, and 0.34, with 11, 15 
Ther, Speetively. 


: СооК, 
5 Was thus no consistent bias of the kind found by 
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TABLE I 
Group MEANS AND CORRELATIONS FOR THREE STANDARDS ? 
Cigarette чи? 


Measure Notation Matchbox ох i 
Number of 08 N 12 12 б 17.00 
Actual size of standard Soo 5.34 17.0! 975.0 
Actual distance Dun 275.0 275.0 


Group means 
Size match with 


.68 
standard Say 4.99 11.56 je 
Distance match with 272.3 
standard Bw 324.9 183.1 
Size match with 9.10 
distance variable Slay 6.93 9.99 
1 01 
Correction term - covar Daj S'u) — .30 —.19 
Predicted size match AT 
using Equation 6 Y 4.99 12.84 17 
Predicted Size match = 16.83 
. using Equation 5 Scoo:Du/Duo» 6.31 11.32 
inear correlations 74 
Between Sa) and Y .94 .83 ‚61 
Between Se) and Бүл .40 -60 


Note: All measures in cm. 


and indeed, the error in prediction was negligible with the matoh 
box similar to the one he used. In Cook’s experiment the pt 
error of prediction was about +0.62 em., so that although a It 
sistent in direction (for 10 of 11 Os), the error was quite small. eri- 
may have been larger than for the matchbox in the present юү? 
ment because of some slight judgmental bias, such as шар” i 
cussed in the following section. Or the different conditions 0 ог 
lumination in the present experiment may have facilitated ™ 
accurate use of the relative retinal-size cue. 


e 
The errors of prediction found with Equation 6 may ao и 

compared with those using the conventional Equation 5, 26. si 
Dus / Dun). However, in comparing actus 

0 equations, it is more appropriate to A sign 
rror of prediction for each О regardless © three 
T the modulus error of prediction, for e ems 
У, Were as follows: using Equation 6, wr cm } 
; and using the conventional Equatiol ar 
:92 em. The two equations did s card 
ccuracy for the cigarette box and the ва? 


М The value of mean ($, — y f , iment was calculated atio” 
kipublished data and from the es |o Куп operon communi 
as 130.3 in. 


| 
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Equation 
lS г x 
matches er da т to be expected from an examination of the size 
the matchbox istance variable, S'e (see Table I). The value for 
other eines БЕЛЛЕ was 6.93, which is markedly less than for the 
takes into account ess than the actual size of d, 8.84 em. Equation 6 
Variable,!5 Tt ih; any such underestimation of the size of the distance 
Equation 5 pn gave a better prediction in this case than 
Tesults lend шинэ Sy = Sw, as shown earlier. These 
accurate pre че; the point that Cook’s derivation does allow fairly 
arge bias in d but they also demonstrate that if there is no 
Ventional eq he gment of the size of the distance variable, the con- 
he group ion gives a quite accurate prediction also. 

familiar-size } means may be examined further with regard to the 
Cigarette ss eme This predicts that mean S, for the oversized 
Tom Equatio should be smaller than for the control card. It follows 
Or the cigar " 6 that mean Y should also be correspondingly smaller 

66 om. к: te box. The mean S, value for the cigarette box was 
card (р 2 гр is significantly less than 16.68 cm. for the control 
o< 01) ч and significantly less than its actual size of 17 cm. 
less than 17 he mean Y value was 12.84 cm» which is significantly 
Variable y aly cm. for the control card (р < .05).^ The prediction 
9 а value Was thus reliably reduced for the oversized familiar object, 
Contra; approximately corresponding to its mean size match. In 


St, f. 
| » for the control card both mean Sto and mean Y were close 
hin the 95% confidence 


Мк а + 
1 its if enen Size Sun, which was well wit 

Ueed as эн variables. Neither mean S nor mean Y values were 
Ре used as the normal size (8.34 em.) of а cigarette box of the 
Stuy ‚ So that in this sense the judgments show a compromise 


een 
m : 
hemonic and visual cues. 


D "relations T ЭЭ 
cross observers. ‘The accuracy of prediction from 


at 3 
bety онь 6 and 5 i А 
5 5 шау also be assessed ЮУ the linear correlations 


Wee 

ng 

a w and i : : : 
bl » and its predicted value. These correlations are given In 
lations between Sa) 


4 an : 
T predict graphed in Fig. 1-3. The corre 
ed by Equation 6 were high, and significant for 680 


ha, The Side 


бое b гев цан | 
ats (ee бел айа, And the effect of the Sw variable, ы; 
d e playing card had been viewed under less reduced condi- 

ects under informative 


A edu. Schi 1 Y T 
DW ed conten, Sizc-estimation of familiar obj 

3321 йсароад of u ions of viewing, this JourNaL, 80, 1967, 229-235). . . 
ы 408 dn деда] variances, a correction, to | was used in. assessing 
ese cases (W. L. Hays, Statistics for Psychologists, 1963, 
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(c) MATCHBOX (М«12) 


(ems.) 


EMPIRICAL) РА 
LINE / 
122221 
^ 


EXACT 
PREDICTION 
LINE 


65 


45 


PREDICTED "VALUE Y 


O--ACTUAL SIZE OF STANDARD 


25 45 65 85 юэ 
MEAN SIZE— MATCH Ss) (стз.) 


Fia. 1. RELATIONSHIP BETWEEN Size Матсн AND Irs Prepicrep VALUE: 
Матснвох STANDARD 


group (p < .01). These correlations were higher than those шэн 
Su and Dia predicted by the conventional Equation 5 (other ter E 
= thig equation being constants). Again, the greater accuracy 
Equation 6 was pronounced only for the matchbox. þe- 
An additional indication of the reliability of the correlations 
tween Su, and Y was provided by pilot studies which gave an 
following inter-O correlations for four independent groups: with 8 
oversized matchbox as standard, .95 (N = 8); with the ovas "j 
cigarette box, 61 (№ = 9); and with white cards, .64 (N = 9) and wS 
(N = 8). Under the experimental conditions described, the IH a 
good, though not exact, prediction of relationships between ? 
matches and distance matches, across Os, using Cook’s method 
Equation 6. A he 
=) rhe contribution of the size match to the distance variable 5 of 
D'as component of Y) to the correlation between Y and Sw Pipe 
interest. That, the contribution was important is shown РУ pd 
correlations between S. and S'e: 89 (p < .01),.69 (p < .01 2 e 
487 for the three standards." These rai the онд 
vance of taking the individual's idi E 
into account when predicting 8,6, by use of the S'e, vari? 


are 
„211 These correlations between size ; i t objects si? 
similar to those found using a drawing peer for ieren y igual 
and familiar size: Individual differences, Brit. J. Psychol., 51, 1960, 30): 
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25 


(b) CIGARETTE BOX (N=12) 


Ё 

З 

> 2 

ш EMPIRICAL EXACT 
[=> ) LINE PREDICTION 
431 cmn [^ LINE 
х 

> 5 

a 

w 

H 

(5) 

a? 

ш 

га om ACTUAL SIZE OF STANDARD 
а. FAMILIAR size 


20 25 


5 10 5 


MEAN SIZE-MATCH Sp (ems) 


Fia. 2 
- RELATIONSHIP BETWEEN 5128 MATCH AND Irs Prepicrep VALUE: 
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Equati 
ЧЧайопз 4 and 6 require. It might be suggested that the slight varl- 


tions iN : 
lations p illumination for different Os spuriously increased the corre- 
Corre]a. etween S, and Y. This possibility is contradicted by the 


etri оа With illumination partialed out, using the mean photo- 
reading for each O. These partial correlations between So 


(c) WHITE CARD (№216) 
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and Y were .92, .81, and .74, so that variations in illumination had 8 
ligible effect. . * 
"Possible reasons for the deviation of individual 08 dea n 
from the exact prediction line (Sa) = Y) may be inferre votar 
accurate prediction might be expected for Os who are very e ee 
of their judgments. To obtain an overall index of uncertainty pass 
O's ‘range of uncertainty' scores for size and for distance igni 
as proportions of his S, and Du values respectively. These r imo 
tions were standardized for each group separately, and t u^ Q. 
Standard scores added to give an overall uncertainty score for арня 
The correlation between these scores and the magnitude of мэн 
of prediction (S ~ Ү) was 72 (р < .01) for the cigare ай 
group. The corresponding correlations for the other groups Бем wher 
and not significant; the relationship may therefore occur on a ich 8 
there are conflicting cues, such as occur with a standard w 
familiar but of unusual size, ш 08, 
In connection with the large errors of prediction for certa 


e 08 
inspection of Fig. 3 shows that there were in the card group thre 

in particular who had la S 
high Y values, Т 


) 
Were near the upper limit of the distance scale, and sampled ue 
values were therefore skewed towards the center of the scale. these 
negative skew reduced Dia, and thus the obtained Y values for other 
Y) points below the prediction line. The refore 
such high distance-match values and the t like 
d of scale’ effect. Some bias of measuremen 


. re 
this might Possibly account for the consistent deviation from P 
diction found by Cook, 


. So 
The predicted Slope. From Equation 6, the function 2 oF from 
also have a slope of unity, эре : 
he slope, a line of best fit is red e 


of the 


es and their intercorrelation independent еѕ5100 


effect сап not be obtained." Instead, the reg" 


rro! 
: wo © 
"F. 5. Acton, Analysis of Straight-Line Data, 1959, 135. The ty “agus” 
Variances for Se) and Y can not be assumed equal to allow the usual 3 

solution, since Y includes two terms with error variance, S’) and Оа 
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Coeffici е 
Renting hir dais main axis of the “tolerance ellipse” was used." 
and 0.69, These а of slope for the three standards were 1.16, 1.38 
define lines A сн opes, together with the mean бшу, mean Y теба, 
somewhat from each plot as shown in Fig. 1. While the slopes differ 
Sampled values шу г, it is noteworthy that the average of the three 
pproximately л meiphted by the df on which each is based, was 

Correlati nity as predicted, viz. 1.03. 

trial is sec Pee trials. Variation of judgment from trial to 
Stant, Мэнэн | reated as entirely due to error if conditions are con- 
component to r, it is possible that there might be some nonrandom 
Bree of ТН bch rnm variance and, in particular, that some de- 
values dumm ы, might exist. To investigate this possibility, 
rection term alculated for every trial, though the covariance 
tials of any ; was neglected since it is assumed constant for all 
adjustments eiae un O. Because each trial consisted of only two 
нэ t trials u or each of the three variables and there were only 
We he ee for two Os), the sampled correlations be- 
rtrial ы "ns trials were small and variable. Therefore, 
жи “ман ation between 85) and Y was calculated for 
te 8 by Fist averaged over all 40 Os, after normalizing cor- 
нь 147, ue s s Z transformation." The mean Z so obtained 
pre ation кыы to a value of .15 for the estimated 
Ч dieteq and ee correlation. This was small, but positive as 
n 7 (p 05). icantly different from zero with a critical ratio 


n ord 
t ert scs 
ү 0 assess the adequacy of the approximation afforded by 
tertrial correlation be- 


a similar manner. The 
ficantly different from 
n 5 for the predic- 


со 


e inte 
each 0 
relation 


Convent; 
me iani Equation 5, the mean in 
ero Correlatio (a) was also calculated in: 
tig" Equation g was 05, which is not 815111 
Of intertri was thus superior to Equatio 
rial relationships. 
und in psychophysical 


Th 
“нм 777 
Udieg op VY of error. It is quite generally fo 
and uncertainty are 


tela > Of magni 
ky tive to cen estimation that error 
€ magnitude of the estimation. This has been termed 


May 
" 8 law?! Sever i 5 

veral aspects of this study appear to confirm the 
h ed., 1962, 


bu T 29 m (ей), Documenta Geigy: Scientific Tables, 6t 
ince ;, Was | 
2 pe ib was n degree of heterogeneity among the intertrial correlations, 
ы S S Ёл (гаш (x2 = 52, with 39 df), use of the overall mean 
5 * Stey, m, op. cit., 62). 

ens, A metric for the social consensus, Science, 151, 1966, 530- 
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‘law’ to some degree. The error of prediction (S, ~ Y) was relative 
to the magnitude of Y, with linear correlations across Os of .63 
(p < .05), 68 (p < 01), and .44 (p < :05) for the three standards. 
The ‘range of uncertainty’ for size matches correlated across 08 with 
the magnitude of Sa): 413, .80 (p < .01), and .39 for the three stand- 
ards. Similarly, the ‘range of uncertainty’ for distance matches 
correlated with the magnitude of Da: 53 (р < .05), 93 (р < 0D» 
and .38. 

Uncertainty of judgment is also indicated by intertrial variance. 
Because of skew in the distribution of variances, Spearman’s m 
correlation was used, The correlations between S, and its intertria 
Variance were .51 (р < 05), .64 (р < .05), and .70 (p « .01) for the 
three standards. Similarly, the rank correlations between Y and its 
intertrial variance (neglecting the covariance correction term) were 
78 (p < 01), 83 (р < .01), and .81 (p < .01). These various measure 
of error, uncertainty, and variability of judgment therefore correlate 


positively, and in most cases quite highly, with the magnitude 0 
judgment. 


ina ferences between groups їп variability, Т might be expected 
at variability of judgment would depend on the standard Use 


Үл cach case, using Р ratios). For Y, the matchbox had a significa” ri 
ndard deviation than the cigarette box and шал 
respectively). The matchbox also tended to Һа 
ndard deviations than the other two objects, РО 


*? Mann-Whitney tests Were used rath O varient? 
: 3 used rather th ing the intra- 
owing to the heterogeneity of the standard Do ces dde: . 
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TABLE II 
Measures or VARIABILITY FOR THREE STANDARDS 
Cigarette White 
card 


Tito Measure Variable Matchbox ох 

er- 2.97 8.39 

Standard deviation} Зө La 3.88 6.38 
edian шїга-О S .27 .53 .67 
Standard deviation y? :33 .68 1.09 
Pread of intra-O ЫГ 7.8 11.6 161.11 
Variances (moz, Р) Y 32.8 08.1 164.21 


Nate: in measures in cm. 
to test d'ae Уез are given, but population estimates were use 


test differen 
сез between groups. 
3 Calculated for the first 12 Os so that maz.F ratios are directly comparable for the three groups. 


d in the calculation of F ratios 


een consistency of these results suggests that а primary effect 
may тазе in cues, and perhaps also in the ability to utilize po 
Ortu е to decrease variability of perceptual judgments. s: 
Stud mately, this effect was somewhat confounded in the € 
There Tub the Ekman's-law effect, so that confirmation is ve etis 
Байаны” in fact, several findings which help to pris E Б 
variation етей, Ittelson refers to “the greater coe ne P. 
amili ын distance matches for unfamiliar as compare бе 
боп], i : objects, though his standard deviations were not en d 
тен ent in this respect.” Standard deviations were эн ын : 
Чалдан vision compared with monocular vision with the 5 E 
making” for both size and distance matches. Prior ete 
Varia s distance judgments reduced both inter-O and i *4 
w 1466 іп subsequent judgments? On the other hand, groups wi 
шау. gence, brain damage, or schizophrenia, е, pomi m 
jud Y less able to utilize cues, had greater variability 


ы ents compared with normals, although, чик ba 
SS Were n в : ses. The consistency И 
227) ot significant in all cases эв and their utilization 


€nee su 
Support Весь of i 
од Vari ports the postulated effe igation specifically de- 


Sign ability, despite the lack of inves 
0 test that hypothesis. 


К . . . 
М 1957, 8, telson, Size as a cue to distance: Static localization, 
"dee, а jg Nonrelational judgments of size and distance, 
: | H "AR 
2 ts Gibson, R. Bergman, and J. Purdy, The effect Ө рй me yer 

47 J gop nf distanpe on absolute and relative judgments 0 1 
биес Hamilton ioe -105. «мах, Buil, de 
cicho] amilton Sol d intelligence: А re-examination, 8 цэв 
2554 Witt’ 1966, 322, Table 2; M. Wyke, Alterations of size tona y $200, 
gion Tubi pn lesions in man J. Neurol. Neurosurg. Psycha " Бэх 
D 19 feed ut ; R. Stannard, С. Singer, and R. Over, The. effect of Homir 

%, зоотех 08 size judgments of schizophrenic patients 


this JOURNAL, 


this JouRNAL, 
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SUMMARY 


A prediction equation was derived from Cook’s equations, which 
were derived from the invariance hypothesis relating perceived pise 
to perceived distance. The prediction equation relates size and dis- 
tance matches for a standard stimulus and allows for relative error 
in size matches to the distance variable. To test the predicted rela- 
tionship, groups of Os made judgments with respect to three differ- 
ent standards. The relationship was confirmed with respect to 
differences between Os and between standards; intertrial differ- 
ences also gave a small predicted correlation. The derived equation 
gave more accurate predictions than the conventional IH equation 
In some, but not all, cases. Evidence was also found for Ekmans 
bow: gf the relativity of uncertainty in judgments and for the effect 
of reducing cues on the variability of judgments. 
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Ву Pau " 
uM. Hu ne; fenem Raprow, Хїсноглв C. CHUBB, 
Instit Hm Ббаш.үлхх К. BaGLEY, 
itute For Research, State College, Pennsylvania 


Althou } 
gh amphetamines have frequently been administered in 


earning sj : 
elusively M their effects upon learning itself are not con- 
Tate at whieh lished. In some situations, the drugs increase the 
EYsenck, cd performance improves during the learning phase. 
Proved цо and Trouton observed that d-amphetamine im- 
Tanks and eon during the learning of а pursuit-rotor task." 
earning of шин obtained a similar improvement during the 
tons? Those aeger between stimulus lights and response but- 
Mg, but th experiments suggest that amphetamines increase learn- 
ey are not conclusive. As Weiss and Laties’ review of 


ese Я 

Studi 
es : $ : 
Ovement in concluded, “simply promoting à greater rate of im- 
proficiency is insufficient proof, in view of the numer- 


S eff 
ects of ¢ 
eitzner f amphetamine on motor performance.’ 
performed a more compelling demonstration.* He ob- 


Sery, 

ed fae; 

Ч. laeilitati А E : : 

8Ssocintes шан Бу amphetamine during the learning of paired 
aving high association value and low intralist. com- 


Ctitig 
n. (H 
(He also found no significant drug effect under high com- 


* 

Rec, H 

meq ved f Зэн 

ine on Conn publication April 12, 1968. T he research reported was per- 
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Ё aluable А ia State University Health Center 
(rom i T. Alberto OAM HOD in S-sereening operations. The authors also 
pries S experiment JiMascio for furnishing the high-competition word lists 
E Chir; Radlov nt. Drugs were donated by Smith Kline and French Labora- 
ity Tubb js will is now at San Diego State College, San Diego, California; 
yE. ‘versity Park he Ritenour Health Center, Pennsylvania State Univer- 
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the T» and hi 
Aeir y his staff at the Pennsylvania 


personality : TI, 


he “Увс: 
Sei, meet of an es Casey, and D. 5. Trouton, Drugs and 
C. у, 1957, 645 oda and depressant drugs 0n continuous work, J, ment. 
d dexam- 


Dhe: 
tamin, Franks and 
Phil е ао de D. Tantan, Effects of amobarbital sodium а 
ац a Ху, 2/сло! ACE T ee of the eyeblink response, J. comp. 
ti eias and’y Ын 0-229. е 
Pe M^ Amphetari G. Laties, Enhancement of human performance by caffeine 
Ucho Weitzner M; Pharmacol. Rev., 1401), 1962, 1-36. 
„ 60, 1965, fe anxiety, amphetamine, and performance, ds 
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ЭР" 8 
petition, i.e. when many response words had Hi ЕЭ: 
for each stimulus word, a fact which becomes important he first 
Weitzner’s experiment was cited by Laties and Weiss as "t sal 
unambiguous demonstration that amphetamine can improve M this 
learning. . . ."5 If one defines learning as recall of хорин om 
is true. Yet even this demonstration does not fulfill the Lan ded 
for a conclusive learning experiment. Weitzner himself ум at 
simply that “the drug Significantly facilitates performance” i 
least one type of paired-associate learning. :Tustrated 

The paradigm for demonstration of learning is, rather, illus tive 
in Elliott’s classica] Study in which manipulation of food incen i 
produced large differences in rats’ maze-running performance, өгч 
the preferred-incentive group showing progressively superior гэр 
formance during the acquisition phase. When the food eer was 
were reversed for the two groups, the performance differentia cte 
also reversed, and much more abruptly than would be ex hed to 
from the previous learning curves. The group that was shif y er- 
nonpreferred incentive actually showed a sharp decline in pd 
formance, Thus, the appropriate paradigm for measuring lear e 
achievement necessitates removal of the agent whose pow a 
learning are being assessed. With & drug, this is possible only ren- 
delayed test, since a drugged subject can not immediately be Я 
dered undrugged. Consequently, the present study measure ses- 
only acquisition but also persistence of that material during wer 
sion of delayed recall and relearning. Related questions arm 
recall facilitation, i.e. whether a drug present during such 8 an 
recall test would affect recall and relearning of the materia " en 
drug interaction, ùe. whether any such effect would be n 
of the drug condition during the first (learning, or aome 
session. There might, for example, be an interaction betwee 


d г earn” 
two drug treatments due to common cue properties during 1 
ing and recall, 


The present stud: 
the drug are dependent y 


? usa 
of item difficulty. By increasing d itiv? 
ЗУ augment the interference effects of i ' 
8 interpretation is supported not only by Wei 
5 V. G. Laties and B. Wei 


mines: A new appraisal, Universit of Department of 
Biology and Biophysics, 1066, ^. Of Rochester, Dep 


се 
forma? 
* M. H. Elliott, The effect, of ch the maze per 
of rats, Univ. Calif. Pub. Psychol., а ‘1098, d renard цанын 


ta" 
phe 
ss, Performance enhancement by the Radiatio” 
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results 5 
уер i parenthetically above) but also by Di- 
improved d g a depressant drug (meprobamate) in fact 
petition." The M of paired associates having high intralist com- 
prove that high eitaner and DiMascio results do not, however, 
hanced тена n competition itself is responsible for en- 
amphetamines Er depressant drugs and lack of enhancement by 
for cross are iMascio did not include any low-competition lists 
bebween the omi and although Weitzner did find a contrast 
there was анат of list, it is possible that the crucial variable 
simply task i from high intralist competition, but 
at tiore an, ад Therefore, since Weiss and Laties found 
enhancement гэн t or complex tasks generally tend to show less 
to separate t rom amphetamines, the present study attempted 
manipulatin pee of difficulty from that of competition per se by 
Usage “ман ifficulty along other, independent dimensions, 1.6. 
ment a withi ey and association value. Finally, during the experi- 
n-session serial effect appeared, and the mechanisms 


at mi 
£ht account for this were also considered. 


Task, T METHOD 

„Те r А -— А 
of Words, 25 lists of paired associat sisting of 14 pairs 
авео lists « lists were identical to the high-competition lists used by Di- 
an, one were constructed according to the paradigm of Mednick 


es were used, each con! 


EE 
Si Ry 


Pr EL 
5, Ry 


е association, Se and Ёз have а 
ability of association with Rs 
internal competition, included 
low frequency (LALF); 


Here 
Ves 8, an 
the, ow duris a high probability of fre 
two J; ав $, The ity, and Ss has a higher prob 
(2) lists each of San oe eight lists, all of low 
Que, low associati hese four types: (1) low association, 
ће F? (HALF). 4 high frequency (LAHF); (3) high association, low fre- 
fre, eXperimental aid (4) high association, high frequency (НАНЕ). Thus, 
€Y nested į design was hierachical, with association value and usage 
tig ума; in the low-competition condition. 
Р 19d to aan Drug effects on competitive-paired associate Jearning: Rela- 
885 89-97 implications for the Taylor manifest anxiety scale, J- Psychol, 


Bui 1 

l ББ" Медшс! A 

55, 19589016 , A learning theory 8j roach to schizophrenia, Psychol. 
› 316-327 pp 
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ia alues 
For the eight low-competition lists, words of selected viser quee S 
and usage frequencies were obtained from Palermo and Jen ins, ency (HP) 
РоШол9 Deesej! and Thorndike and Lorge:? The ШЕН oben 10 
stimulus and response words had median usage frequencies greate usage fre- 
per million. The low-frequency (LF) stimulus words had a шинж median 0 
quency of 1-2 per million, and the low-frequency response words lian free as- 
50-100 per million. The high-association (HA) pairs had a medi: associa- 
Sociation of 0.155, and the low-association (LA) pairs gorp ми. median 
tion per thousand. (It was also found that DiMascio’s original lists шон zero 
association values of 0.13 for the connected high-association pairs, ^ d, 'com- 
for the connected low-association pairs and 0.39 for the nonconnec ied o! 
petitive’ associations. His stimulus words had a median usage frequ of over 
50-100 per million, and his response words a median usage frequency 
100 per million.) All lists were recorded on magnetic tape. : at le 
Subjects and drug treatment, University students (men) who iver forme! 
21 years old Were recruited as paid volunteers, Those who gave вю. 
consent to the experiment were then screened by the medical nes treat- 
those who completed the experiment, the raw median age was 21. he dosage 
ments employed were d-amphetamine sulfate (dex) and placebo. er the 
of the former was adjusted to the two-thirds power of bodyweight. 70-kg. $ 
constant of Proportionality adjusted to assign a 14-mg. dose to & enerally 
This dosage had been Previously found to be well tolerated and E 
more effective than smaller dosages, ent 8€ 
Session I. Ss were randomly assigned to the four groups (treatm асе 
: : SSIE ssion took P 
quences) shown in Table I, with 17-18 Ss per group. The session h 


п ‚ came. 
Оп an evening; Ss had been instructed to eat normally before they cam. d b 
capsules were ingested at 6:30 P.M 


writing on an assigned topic 


te эрэн” 
explaining the test Procedure, Ё explained how the Ss’ payments з 5 
calculated. Each 8 was guaranteed a base payment of $2.00 for = 
completed, with a bonus for completing both sessions; the bonus to 


: i rec 
on total score, with the top performer during the two test sessions 
$4200 and е 


us € 
ceiving a fraction of that top bon 
to the quoti 


score. 
ent of his score (total number correct) divided by the т wor 
The task requirement: 


f 1 
8 were then described, and a practice test о ай 9:25: 
Т8 was administered. The main test began at 7:50 and lasted "ingestio 
thus occupying the interval between 80 and 175 min. after capsule 


: ed the 
The lists were Presented as follows: А tape recording first. presented ls we 
Word pairs i i 


4 vor 
of a given list. Then, in changed order, the stimulus чин 
wed after 4 sec. by the sound of a horn, 5 firs 

more sec. by the appropriate response word. S was told to write the 


ast 


fore 
Bea 


ceiving 
qua 


a 
t three 


| йг B 
э”. S. Palermo and TT Tents 5 EE йз» бї 
through College, 1964. enkins, Word Association Nor се 
10 8. R 


urren 


у 
* " C 87 
: Gerow and Н. R, Pollio, Word association, frequency of 0C Де 


and semantic differential norms for 360 sti ords, University Of 9 
t Pepe Рун раи Кыша уша a 
„217. Deese, Free association norms for 599 words, Johns Hopkin 


1 
о won 
€, The Teacher's Word Book of 30,00 
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TABLE I 
EXPERIMENTAL DESIGN 
Group 
Session 1(N = 17) 2(N = 17) 3(N=17) 4( = 18) 
i (Trials 1-3) Acquisition Placebo Placebo Dex Dex 
- (Trials 4) Delayed 

recall and (Trials 5-6) 
Relearning Placebo Dex oe "T 


Defining contrasts 


2 pequisition: Groups (1 + 2) vs. (3 + 4), Session I, Trials 1-3 
| Delayed II, Trial 4 
elayed recall: G 1 +2) уз. (3 +4) Session II, Tria 
3 een (Tung Шинэ 0 E 2) vs. 8 + 4), Session П, Trials 5-6 
` acilitation б 
Relayed recall: 2 + 4), Session П, Trial 4 
4 NI ` билэн 0 8 16, G 14) Session II, Trials 5-6 
g raction : 
slaved recall: ‚ (2 + 3), Session II, Trial 4 
elearning: хэжэ a 3 2 v5 G ТЗ), Session II, Trials 


nei aterial for delayed recall, 88 8 


ќе: Persi; J 
ипе Зїзїепсе refers ti ЕКЕН Лий! learned m: yr del рвав 
effect op Of the treatment руы Ө рер (Session D. Recall facilitation со 3 
regardless" he treatment present during the test of delayed recall and reles g 

of treatment during Session 1. 


d the horn. At this signal, he was 
‚ This procedure, which 
te color-coded answer sheet 
e written before it was heard. 


aee intu sais of a list, it was em ch 
ligue dc а ia 0-вес. res , : 
эх real sketch ай. ic pir Pe interlist interference. This was vs 
те reading of the next list, and then by the three recall trials for эн = 
With 80 on through the 12 lists, The sequence of lists was one в 
or to the experimental variations in competition, usage irequ у, 
hao iem value. MA 
Were won 11. At the session that took place one week later, the ы x 
Otten presented for recall in the same manner, but ge ie 
each i reading of each list. Thus, the first trial of this session (Tria шэн 
tiong {т gave a measure of delayed recall, and the two реци Гуте 
Woul rials 5-6) measured relearning. The Ss had not been to " y 


sed 
Ое retested on these same materials. The between-group contrasts Ч 


а | l 

n ma component effects may be clarified by referring back Б ШЕТ, 
Prog k the Session II results, it should be kept in mind that deti 
leame Te is not the customary one. The results measure retention 0 


i ^ i i ther than ma- 
teri lle © а variable degree after a fixed amount of practice, n ав. cad 


for er Arned to a fixed criterion after & variable amount 0 se 
Hon Criterion seemed preferable, since this study was based uem ce e 
Rion d-amphetamine may afiect the relationship between nice F 
e ssion of learning via performance. If this were true, e ay e 
чи lea; Sroups by а fixed criterion of initial ‘learning’ would be biased, 
ing criterion must be inferred from manifest performance. 


812 HURST, RADLOW, CHUBB, AND BAGLEY 


RESULTS 


Acquisition. The first analysis concerned the acquisition phase 
(Session I), with results contrasted only on the basis of the drug 
treatment on that occasion (Defining Contrast 1, Table I). The 
result for all lists combined (‘main effect’ of drug) was not signifi- 
cant. However, the mixed-model analysis used to secure this result 
revealed interactions between drug treatment and list types that 
were significant, as discussed below. Hence, it was desirable to 
measure the drug influence as a separate, simple effect at each level 
of each list variable and at the combinations thereof. Accordingly, 
a series of further analyses was undertaken to reveal the drug 
effect Separately in each of the 13 data subsets defined by the com- 
binations of different levels of list variables, recalling that varia- 
tions ìn association value and usage frequency were not feasible in 
the high-competition condition. This nested design yielded only 8 
single, overall measure of drug effects under high competition, 
whereas the drug effects under low competition could be analyzed 
separately at different levels of association value and usage fre- 
quency. The results of these separate analyses are given in Table IL. 

Since only one of these 13 partially independent analyses showed 
even marginal significance (p < 0.10), one can not reject the null 
hypothesis for the effects of drug treatments. It is interesting tO 
note that the most nearly significant effect obtained with a rela- 
tively small difference in treatment means (3.2%), whereas differ- 
ярь of 13% and 14% failed even to approach significance. This 
18 because the larger differences were all obtained with various L 


subset: ans pin 
ооо the LA condition produced much greater variability 


The list variables, of course, produced some highly significant 
n (р < 0.001), association value (р < 0.001); 
Tequency (p > 0.10). Interactions between drug and 
Were assessed according to the mixed design they гер” 


but not usage f 
list variables 


13 E, F. Lindquist, Desi, T 
Education, 1953) 2 esign and Analysis of Experiments in Psychology and 


— 9 


EFFECTS OF D-AMPHETAMINE 313 


TABLE II 
Acquisition: Session I: TRIALS 1-3 
Correct responses (76) Drug effect 
1 Dex % — Placebo % 
a eee 100 
тана Dex Placebo fase WA 
High-competition 63.5 62.3 1.9 
w-competition 
LF 50.1 44.3 13.1 
LAHF 47.6 41.5 14.7 
HALF 93.5 90.6 3.2* 
HAHF 93.0 93.5 -0.5 
Total LA 49.2 42.9 14.7 
Total НА 93.2 92.0 1.3 
Total LF 71.8 67.5 6.4 
Total HF 70.6 67.5 4.6 
Total low- 
competition 71.2 67.3 2 
motal or first six lists 66.9 65.2 62 
тоба for last six lists 70.4 66.3 43 
otal of all lists 68.6 65.8 . 


i he first six 
v, Note: The list types were given in counterbalanced order, so the comparison of the 
to raw-score F tests. 


ts is independe: i i 

* nt of the list-type variables. . 4 bles refer 

ADT. igni 5 18 in the following tables re core F tests 

» men нүүлгэн ‘and 68. For all other main effects and inter! , 
and 469, 


in the LA lists. The directions of all of these effects i 2. а 
be seen in the separate treatment means (Table п). No ji clon 
Drug X Competition trend, while not significant, was ш 


гэ predicted from Weitzner’s results. = was ee 
igni x Associa І 
р RA e combined LA lists, but 


жээ (a drug effect of 14.7% with th 

nly 1.3% with HA lists). » 
ecision Was much higher 

It should be noted that measurement pr петри" ра 


for list vari : ‘ons than for 
riables and interactions 1 Pa 4 he be- 
treatment, hich {в mot surprising with a mixed design. T 


6 raw- 
tween-groups error mean square (for drug effects) H hog duelo) 
Score units, whereas the within-groups error term ( 


Was only 2.87. 


ing i ion П were 

Persistence. Delayed recall and relearning n eet 1, This 
first, analyzed on the basis of dru£ treatment ШШЕ алелів dur- 
required combining groups Who received differen! 


ing Session TI itself, so that the effect | 
е balanced and ни contaminate the test of persisten 


Contrast 2, Table I). The dependent variables for 


Sistence were slightly different from those use 


Quisition, With each of the various list types 5 
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: 3 measure. 
were performed on results of Trial 4, the e epis relearn- 
Combined results from Trials 5 and 6 were used to in ч effect due 
ing, since the amount relearned might reflect any ricer aso 
to persistence. Although the main ср сла 11) the presence 
borderline significance (see total of all lists, Table 111), е ШАГА 
of interactions again prompted supplementary Separa ar in Table 
by list types and subtypes, the results of which also appea 

? "e cts 
p ^ that the active drug produced its only ө ма 
under conditions of low competition, which implies the in на also 
between drug and list variables that is specified below. н ар 
determined that all three of the list variables produced = quency 
nificant (p < 0.001) main effects, although that of usage шатсан 
was of small magnitude. The Drug х Association value ле | aed 
was significant (p < 0.001) only on Trials 5-6, probably s 5 low 
it was imprecisely measured on Trial 4 owing to the pee ы 
delayed-recall scores under low association. Again, this сэн "The 
interaction could be an artifact of the ceiling effect for = 4 list 
drug treatment did not interact Significantly with any ot a) ne 
variable. There was a significant interaction (p < 0.001) no fre 
volving drug treatment, between association value and € үй 
quency. Once more, the ceiling effect may have been involve gel 
the interaction. The direction of these list effects, арчилдаг а 
trends can be seen in Table III by comparing the drug’s sim! 
effects under various list conditions. was 

As with the Session-I data, the error term for drug effects ge 
much larger than that for list-type variables. These error sera 
apply to both the present analyses and the following ones, since ЭН 
latter differ only in using different defining contracts for ди, 
effects. For Trial 4 data, the between-groups error mean square p 
11.6 raw-score units, whereas the within-groups error term (or эв 
variables) was 2.22. For Trials 5 and 6 combined, the betwee 


was 
groups error term was 108.9 and the within-groups error term Y 
8.45. 


Recall facilitation, То measure the effects of drug treatment po 
ing Session II, the two &roups receiving d-amphetamine on that § ^ 
Sion were combined and contrasted with those receiving ШЕ 
(Defining Contrast 3, Table I). Since the two groups agree 
either combination had each received д different. treatment n 
acquisition, this contrast was independent of the differential рег 
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tence effects of such prior treatments. Results are listed мэн 
IV. Once again, the drug effects were separately assessed at e 
level of every list variable or combination thereof. | Кез 

Once more, the results suggested general superiority for the a 
receiving d-amphetamine sulfate; as before, the пока кы ы 
were few and very small in size. However, the net margin was ү 
rather modest and not significant. Whatever effect was exerted d 
the drug given just before Session II, it must have been slight an 
of lesser consequence than the delayed effect from the drug taken 5 
Session I. The drug treatment applied in this session did not in 
teract significantly with any of the list effects, 


I and Session 11 were additive or not. For this purpose, the groups 
Were partitioned in the Temaining manner, so that the pair е 
Same treatment on both occasions was contraste 

with those having different treatments (Defining Contrast 4, Table 


ogonal contrast yielded no differences of ap- 
nificance, 


Discussion 

Although qd- 
at all stages of paired- 
Significant effe 
the active dru 


associate learning, the strongest and the only 
cts were upon persistence of material learned under 
&—regardless of whether or not the drug was oe 
delayed recall was tested. This finding is the opposite 
of what woul е expected if amphetamines had no true learning 
effect but acted 1 Nerease the performance potential at х 
arning. Such an interpretation is also contradicted 
by the drug’s failure to produce significant facilitation when prese? 


01881 and interference, was only kn 
nds, both in acquisition and pum 
duce more favorable effects with the 10 
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been a ceiling effect due to the ease of the HA condition. There was 
no evidence of drug interaction with usage frequency. Conse- 
quently, one can not conclude that the observed drug effects sup- 
port either the competition hypothesis or the difficulty hypothesis. 

Another moderating influence observed was the within-test serial 
effect, such that the enhancement of later recall by d-amphetamine 
during acquisition was greater in the second half of the lists. This 
could be attributed to at least three different mechanisms. The first 
possibility is that the active drug’s effect was still building up dur- 
ing the first half (80-127 min. after ingestion) and did not reach its 
peak until the second half (127-175 min. after ingestion). However, 
previous memory experiments of a different nature in this labora- 
tory have yielded slightly better performance results with d-amphet- 
, although the latencies of this test 
ent study. (One was shorter and 
see Hurst, Radlow and Bagley.*) This com- 
ous results also weakens the second possibility: 
that àn amphetamine's enhancement of memory is mediated by 
reduction of boredom or fatigue, so that it is apparent only in 
material learned in the latter part of a session. The third pos- 
i 18 that, in the Present study, the drug somehow coun- 
eracted proactive inhibition involving intrusions from lists pre- 
viously learned, as Opposed to retroactive inhibition. Since not 
аа known about amphetamine’s effects on learning in gen- 
d aay Surprising that little is known about specific нне 
therefore bi e in opposed to retroactive inhibition. For the presen, 
be further inca Possibility must be considered a speculation 10 


Е Summary 
" dun Was designed to measure four component effects 
Ls phe amine in a Paired-associate learning task. The drug 
pared with placebo to Teveal (1) effects upon acquisition 
stence of material so learned, (3) effects 
st of delayed recall, and (4) iso 
ng learning and drug present during tes 

А g present dur 

"4 delayed recall, Paired associates of ВЫШ. degrees of usage 
Tequency, association value, and intralist competition were e 
men Were tested in two sessions, JO! 


"Р. M. Hurst, R. Radlow, and В. К si. 
: d Я , - К. Bagley, D data рг 
cessing ав functions of storage and retrieval parameta yendo si in pres? 
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learning and delayed recall respectively. Presence of d-ampheta- 
mine during learning resulted in significantly greater delayed recall 
of the low-competition lists and nonsignificantly greater delayed 
recall of high-competition lists. The same dosage given for the 
recall session had no significant effect upon delayed recall or re- 
learning. 


SUMMATION AND INTERACTION OF 
SUCCESSIVE MASKING STIMULI 
IN VISUAL PERCEPTION 


By Donar» L. SCHURMAN and CHARLES W. ERIKSEN, 
University of Illinois, Urbana 


Most cases of backward and forward masking in visual per- 
ception appear explicable in terms of the lack of fine temporal Pi 
lution in the visual system. That is, successive stimuli presente 
with too short an interval between them are perceived as essentially 
simultaneous. The best-known example of this lack of resolution 18 
Bloch’s law, which states that within some critical duration, usually 
on the order of 100 msec., time and intensity of stimulation can z 
reciprocally interchanged without changing the visual effect. ын 
integration of energy over time by the visual system is apparents 
independent of the distribution of energy within this ш 
duration. Davy, for example, employed discrete pulses of light an 
found Performance to be a function only of the total energy pre 
sented within the critical duration. 

The explanation of masking phenomena as due to lack of a 
Poral resolution in the visual System implies that maximum 23 
fects should be obtained when the test and the masking stimuli are 

s neously. Most published results have been com- 
patible with this requirement. Masking effects decrease as the inte! 
stimulus interval (181) increases, The few exceptions to this pin 
tonic decreasing function? appear to be attributable to confounde! 
Parent movement? or to effects of a delayed = 
portion of the display for report.* The ten 


* Received for publication February 14, 1969. The research reported Бр 
fs d a 
ealth Service Research Career Ay mi ee ER peragi 


. Davy, The intensit -time 
peripheral retina, J. opt. Si * 


? M. Alpern, etacontrast- Historical introducti A J. Оріот- г: 
1952, 631-640; N. Weisstein, Bach тй masking and anamer, J. tual pro? 
essing, J. ezp. Psychol., 72, 1966, даар M Modal of темер mi- 
з D. Kahneman, Time-intensity reciprocity in acuity as a function of lu 
nance and Beure ground contant, Vision Res., 6, 1966 207-215. 
i раа, 4, Е. Collins, and Т. 8, | ! is o 
factors responsible for nd Т. 8. Greenspon, An analysis 


nonmonotoni i tions, 
Psychol., 75, 1967, 600-507. me backward masking functio 


f certain 
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pr of the visual system to integrate stimulation over durations of 
00 msec. or so removes the mystery of how events act backward in 
time in perception. Instead, investigative efforts can be focused on 
understanding the effects and interactions of simultaneously pre- 
sented stimuli. In the cases where the mask is a light flash, impair- 
ment in the perception of the target can be attributed to summa- 
tion of the target luminance with the masking luminance and the 
attendant contrast reduction of the target form.’ When the mask 
18 a pattern or a ring, the impairment seems to be attributable to а 
change in the minimum acuity requirements or possible interactions 
of contours. 

Recently, however, Robinson has reported some rather anomalous 
results based on an experiment which used two masking stimuli in- 
stead of the usual single mask. The masks and the target were con- 
Centric disks of light, the first and smallest disk being the target, 
and the two larger disks the masking stimuli. When the largest 
disk (second mask) was presented 10 to 50 msec. after the first 
mask, detection of the target was improved over that when the 
target and the first mask were presented alone. Robinson interpreted 


these data as a demonstration of а disinhibition phenomenon, t.e. 
assumed the first masking flash to inhibit the perception of the 
first mask and 


target but the second mask, in turn, 0 inhibit the 
us disinhibit the target.” 
This disinhibition effect found by Robinson occurred when all 
three circular flashes were presented within a duration for which 
Bloch's law has been found to hold with light pulses. According to 
loch's law the S should perceive 8 large disk of light which 5 
tightest in the center and becomes progressively less bright towar 
€ periphery. Since Robinson’s stimuli were of different Шешен) 
е possibility of simultaneous contrast, Mach bands, and apparent 
Movement severely complicate the interpretation of his data an 
nC: W. Eri i e summation effects in backward and 
Íorwa riksen, Temporal luminance 87-02: J. H. Thompson, 
What happens te hee aa уүслор!уйн aking? 7. exp. Psychol, 71, 1966, 
С Spatial effectiveness of 


‚ & Psycho- 
ер jon of one 
Psychol, 


D Iber. 
th, D- б. Purcell, A. L. Steward, and W- N. Dember,, 
үзе! Lateral inhibition in visual backward ins, Rei ierit 
form "f 1968, 344-346 ; C. W. Eriksen and J. E. С perception, J: 6 


2, 1950! backward d masking in 

ox эс ge bition with binocular and interocular pre 
Seni N. : : сн e 

entation obinson, Visual disinhibiti м 


; 8, J. opt, Soc, Amer., 58, 1908, 251-257. inimum de 
гуу, loc. cit.; M. Lichtenstein and R. Bouchon А]. oi Soc. Amer., 50, 
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И ^« experiment 
any predictions therefrom. Unfortunately, Хаана wi 
did not provide a control condition in which all three e a pos- 
simultaneously presented. Such a control, besides provi ны be in- 
sibility of disentangling some of the various effects that cou 


h the three 
volved, would have also indicated whether asynchrony of 
flashes was essential to the effect, 


ExPERIMENT I 

An attempt was made to replic 
ilar stimuli but employing a fore 
obtaining a more sen 


ora 

- 1n our procedure Ss made a e" 

WO sequences of stimulation as to n he 
two sequences contained the smal] target flash. The targe 


st 
4 in the fir 
always present 1n one of the two sequences and was in 
Sequence 50% of the time in random order. xi 
volun- 
Subjects. Two graduate stu 


id 
dents, one of them a man, served as раі 
teers. Both Ss had normal vision, 


" 
А ue istoscope were e 
Apparatus, Six channels of а 10-channel projection prime oen odia in brie 
ployed. This tachistoscope has been described in detail elsewhere, stems with 
it consisted of a circular arrangement of 10 8-mm. projection sys 


fa 
rear О 
roject to a common area on the 


nd two 
med by an Iconix timebase generator Model 6255, a 
Iconix Model 6010 


8, 
= » D. L. Schurman, and О. Richter, N. h 1 tachistoscop? 
Behav. Res Math: & Instrum., 1, 1969, 119-122. -channe| Los! 


SUCCESSIVE MASKING STIMULI 323 


duration fi 

п for one S : . " 

duration. and 10-msec. for the other. The masks were of 20-msec. 
n Fig. 1. Condition À was 


The ї 
Our ex " Р, 

r experimental conditions are schematized i 
the target disk and the 


& stand = 5 
Fl SHE sige masking paradigm employing only 
5 msec, lige Led presented either simultaneously or at ISIs of 25 or 
tical to Conditior ч target to the onset of the mask. Condition B was iden- 
Simultancousl e Ж except that F2, the larger masking disk, was presented 

y with F1. In Condition C, F2 always followed F1 by an ISI of 


On 


On 


Condition А NEN ын ee 
Өт Fl Mask 
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00 

off F2 Mask 
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Fio, 1. 8снкмлтїс DIAGRAM 
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20 msec., and F1 again followed the target by 25 or 50 msec. ISI or was Т 
multaneously presented. For Condition D, only F2 was employed and fol- 
lowed the target by varying ISIs as in Condition A. On a signal from E, 8 fo- 
cused on the fixation point and, when it was clear and sharp, triggered = 
stimulation sequence. A trial consisted of two sequences spaced 1 sec. apart. 
After observing the two sequences 8 made a forced choice as to whether m 
target disk had been in the first or Second sequence. The order in which the 
target was presented in the first or Second sequence was random, with the те- 
striction that it occur in each Sequence equally often within a session. Tunae 
an experimental session S made 24 judgments under each condition at each 0 


the three ISI values. Ss served a total of four experimental sessions. 


Results. The results for the two Ss were averaged and are shown 
in Fig. 2. Here the percentages of correct, forced-choice responses 
have been plotted as a function of ISI between the target termina- 
tion and onset of masking stimuli. For Conditions A and C, typical 
monotonic masking functions were obtained, with maximum mask- 
ing occurring when target and masking stimuli were simultaneously 
presented. In Condition D, where only the target and the larger 
masking flash (F2) were presented, no masking was found. In this 
condition no Observations were taken when these two stimuli 007 
curred simultaneously, Instead, observations were collected when 
F2 followed the target at ISIs of 20, 65, and 90 msec. as it did in 
Condition С. The point of this arrangement was to ascertain the 
effect of the delayed F2 on the target when F1 did not intervene 
As can be seen in Fig. 2, no masking occurred at any of these values. 

Of major interest is the performance obtained under Conditions 
B and C relative to Conditions A and D. Under Condition В, F1 ки 
йн always Occurred simultaneously at the designated values ап 
н 1 inhibition should have been maximal, Under Condition С, i 
t a ed the target at designated IST values while F2 followed F 
at a constant 20-швес. ISI. The latter condition is the one unde 


ч сит, reported the occurrence of disinhibition effects: 
ormance under Conditi i eous 
was at the chance | onditions В and C at simultan 


2 evel, it cannot be determined whether Conditions 
B and C differeq in masking. At ISI values of 25 and 50 msec., how 


the 25-msec, and 50-msec. ISIs, b 
h significance for either S (p « .20). 

Discussion. The Tesults of Ex 
confirmation of Robinson’s disi 
was highly similar to the condi 


. = 
periment I did not provide any in 
nhibition effect, Condition C, ав 
tion under which Robinson obtai 
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FLASHES: EXPERIMENT 


isis sus 
One showed no less masking than was obtained under our 
ition A. Some support for disinhibition effect might be de- 


du 
duced from the fact that Condition C did not show any more mask- 
The argument 


in 
Sr the 25- and 50-msec. ISI than did Condition А. g 
shoul be that in terms of luminance summation, Condition 

d have provided a greater masking at these ISI values than 
Е оп А. Тһе 


Wa й х 
8 obtained for the single masking stimulus in Conditi 


826 SCHURMAN AND ERIKSEN 


fact that masking was not greater with two masks could be attrib- 
uted to some sort of disinhibition effect, 


, Where only the F1 masking stimulus was employed. - й 
The obtained results are not what would be expected from a ped 
ple application of a luminance summation-contrast reduction wn 
planation. In accordance with Bloch’s law, the three stimuli woul 

be expected to sum over the ISI values studied. Complete summa- 
tion should yield the Same effective stimulation as is obtained when 
all three stimuli (target, F1, and F2) are presented simultaneously. 
This simultaneous presentation would be a circle of light having * 


C to remain at th 
when F1 and F2 ұу 
that more than a si 


sking stimulus, w : instead of a 
When F2 Occurs at 20-msee ISI Mile ы зө performers 
vat to be essentially the Same as when F1 occurs 25 msec. ps 
eed the target, in Condition A. However, as is seen in Fig. хэнд 
сөр, A. Was obtained at any ISI value when the F2 masking stin 0 

5 only was employed, This result suggests that the larger 5126 


th ine d; 
18 masking disk may have been the relevant variable. 
f the Ss’ intros 


remen 
apparent movem B 
8 to whether or not the target disk has b 
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presented. Under Condition D, where only the target and the 
larger mask (four times the diameter of the target) are presented, 
а different kind of cue is obtained. This cue appears to be based on 
the phenomenally bright and dark bands which are observed al- 
ternating toward the center of a lighted disk (Mach; Ratliff). If 
only F2 is presented, this phenomenal darkening is noted; but if 
the target has occurred prior to the presentation of F2, the bound- 
ary of the target is enhanced while the darker bands just out- 
Side the target boundary appear even darker. 


EXPERIMENT II 


: The presence of cues such as apparent movement and Mach bands 
in the larger disks served to confound any possible disinhibition 
effects that might have been present in the above experiment. The 
occurrence of these cues also indicates that the particular experi- 
mental task chosen by Robinson is probably inadequate for testing 
for disinhibition. Therefore, Experiment II was designed to elim- 
mate these confounding effects. The target stimuli were the cap- 
ital letters A, T, and U, and the two masking stimuli were circular 
lighted fields of equal size. The possibilities of apparent-movement 
Cues were greatly reduced by having both masking fields of the same 
size and by having the target stimuli of incompatible shape with 
the masking stimuli. In addition, the use of the capital letters A, T, 
and U as targets permitted an identification criterion which should 
be more sensitive than a judgment of presence or absence in de- 
termining possible disinhibition effects. | 

Besides looking for possible disinhibition effects, Experiment п 
Was concerned with another equally important question. This ques- 
tion was whether a time-intensity reciprocity (Bloch’s law) holds 
for masking flashes. If a second masking flash is presented at an ISI 
too far removed from the termination of the target to effect target 
identifiability, does this second masking flash show summation with 
an earlier masking flash? Time-intensity reciprocity leads to the 
Prediction that two masking flashes presented within the critical 

Чгайоп should sum to produce essentially the same masking effect 

at a single masking flash of the same total energy would produce 
When presented at the ISI of the first of the two masking flashes. 
loyed for the stimulus 


Apparat; i i U 
”Э Ы as again emp! n 
A 10-channel tachistoscope wW g ‚Т, and 0, white on 


r 5 B 
Presentation, The target stimuli were the capital letters 


10 K. 


11 Sahneman, loc. сїї 


". Ratliff, Mach Bands, 1965. 
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black. They were presented transilluminated with a contrast in excess hos 
The letters subtended 30 min. of visual angle in height and were on Еа 
ground ої 0.6-mL. intensity. The two masking flashes F1 and F2 ead enn 
in shape, 2° in diameter, and 12 mL. in intensity. Contrast between t ie 4 to 
and the background was in excess of 99% and both masks were positione 
center on the target forms. — 
Subjects. 'Two graduate students (women) and a faculty member (a E 
served as Ss. All had normal or corrected-to-normal vision and had had pr 
ous experience in perceptual-recognition experiments. В Бб 
Procedure. Before beginning the experiment proper, each S served in а рї de- 
tice session during which an exposure duration for the target forms was sii 
termined such that forced-choice identification accuracy was арр, 20 
70% when the target form was followed by the F1 stimulus at an 181 spe 
msec. This criterion was achieved with an exposure duration of 2 msec. for s 
Ss and 3 msec. for the third. Each S then served five experimental sessio 
during each of which, 24 trials were administered under each of four йш. 
treatment conditions, Under Condition 1, one of the three target letters hd 
presented and was followed, 20 msec. after termination, by a 10-msec. gre 
the F1 stimulus. In Condition 2, Fl was not presented. Instead F2 was a 
sented for 10 msec. at a 50-msec. ISI following the target. Condition 3 was ul- 
sentially the same as Condition 1 except that F1 and F2 were presented 2 
taneously for 10 msec, at the 20-msec. ISI. In Condition 4, the stimula 
Sequence was: target letter, 20-msec, ISI, F1 for 10 msec., 20-msec. ISI, de oi 
10 msec. The three letters Were presented in random order within the Tes the 
tion that no letter appear more than three times in a row. In all conditions 


adapting field and the ISI were dark except for a faint fixation cross subten- 
ing 20 min. of angle and appearing below the letters, Each 8 made 120 2 
ments under each of the four experimental conditions, which were preset qj- 
Ш а counterbalanced order within and across Ss and sessions. Under all co 


+. ib j 
meta Were required to respond with a choice among the three poss 
i. 1 


à T rred 
iut" си target and the masking flashes in all four conditions Occu 

а total duratii ess than the typical critical duration reper nether 
Жап н : : rmine 
time-intensity тесірг Pre i Att fact data 


: ги о 
А ocity could be obtained under the conditions d to * 
- According] 


Jus 
choice, 2 pen 


tensity, and 10-msec 


light of the same diameter, me two 
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: Results. Table I shows the average percentage correct letter iden- 
tifications under the four experimental conditions. The target forms 
were identified with 70.3% accuracy under Condition 1, where only 
a single masking flash was presented and at an ISI of 20 msec. In 
Condition 2, where only the F2 masking stimulus was presented 
and at an ISI of 50 msec., identification performance Tose to 95%, 
a performance level essentially the same as that obtained when no 
masking flashes were presented. Since F1 and F2 were identical in 
luminance and duration, the improved performance under Condi- 
tion 2 is attributable to the inereased ISI between form termination 
and onset of the mask. The poorest performance, 44.4%, was ob- 
tained under Condition 3, where both F1 and F2 occurred simul- 
taneously at an ISI of 20 msec. This condition is equivalent to a 
single masking flash at twice the luminance that obtained in Con- 
dition 1. Of greatest interest is performance under Condition 4. 
Here F1 occurred at an ISI of 20 msec. and F2 occurred at an ISI 
of 50 msec. following termination of the target form. As Table 1 
shows, performance under this condition was midway between that 
obtained under Condition 3 and Condition 1. Statistical analyses 
Performed on these data show that for all three Ss, performance 
Under any of the four experimental conditions differed significantly 
from the performance under any of the other experimental condi- 
tions (р < 0.05). | 

From these data it is apparent that some summation was oc- 
curring between the F1 and the F2 masking flashes in Condition 4, 
since performance was appreciably poorer than that obtained when 
only the F1 mask was employed at 20-msec. ISI or only the F2 mask 
at 50-msec, ISI. However when this performance is compared with 

at under Condition 3 ‘it is apparent that summation was not 
tota], for performance x 44.496 when both masks were presented 
Simultaneously at 20-msec. ISI as opposed to the 57.2% accuracy 
obtained in Condition 4. Failure to obtain complete summation 10 
erms of masking effects for F1 and F2 in Condition 4 is at variance 
With what would be anticipated from prior studies on the temporal 


TABLE 1 


MEAN PERCENTAGE Correct LETTER IDENTIFICATIONS 
AND PERFORMANCE RANGE 


Condition Percentage correct Range x 
61.67-75. 

2 88:00 92.50-08.33 

3 44.44 0.00-50. 83 

1 57.22 15.00-67.50 
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H 4 on- 

summation of light pulses.!? On the other hand, this е н 
sistent with recent findings that there is no critical psal 
which complete time-intensity reciprocity holds for in 
light stimulation on a form-identification task. ee 

A brightness criterion was used to examine the залан ны! 
the F1 and F2 masking stimuli sum over temporal separa ce {не 
the final experimental session, when Ss were presented ” Жм 
two-interval forced-choice between a 20-msec. flash б]. oie "^ 
luminance and a 10-msee. flash of 2.4-mL. luminance (ав ed 
the F1 and F2 masks occurring simultaneously), the Ss we aide 
that the 20-msec. flash was brighter 48% of the time. This yet for 
significant nor appreciable difference from the expected 5 м ШЕ 
equal brightness, However, when there was an interruption es 
form of an ISI in the presentation of the energy, reciprocity . hter 
down. The 10-msec. continuous flash of 2.4 mL. was judged ын he 
64% of the time when compared with two 10-msec. flashes 0 Бин 
same luminance Separated by 30-msec. ISI. When the two puls 
Were separated b 


газ judge 
Y 60-msec. ISI, the 10-msec. standard was judg 
brighter 8896 of the time. 
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effects were eliminated by using letters as the target stimuli and 
having the two masking circles of equal size, the results are con- 
sistent with expected temporal luminance-summation phenomena. 
However, this energy summation was not total as might have been 
anticipated from prior research. The introduction of а 20-msec. 
dark period (ISI) between the two masking flashes resulted in less 
than total summation even though the 20-msce. interval between 
flashes, and the total interval over which the masking flashes were 
distributed (40 msec.) , was less than the generally accepted critical 
duration, 

The failure to obtain complete summation over а total time of 
40 msec. is apparently not attributable to the masking criterion that 
Was employed. Control observations indicate that a 30-msec. ISI be- 
tween two masking flashes is sufficient to result in the two flashes 
appearing less bright than a single flash containing the same total 
energy. This finding suggests that the generality of Bloch’s law to 
Pulsed or intermittent light stimulation is limited. Recent work has 
shown that Bloch’s law is not applicable to tasks involving form 
identification 15 The present data, although not very extensive, sug- 
Безь limitations of this law in terms of an apparent-brightness С11- 
terion, 

Of particular interest in this study was a temporal bridging ef- 
feet obtained in Condition 4 of Experiment I. It was found in 
Condition 2 that when the F2 mask alone was presented at an ISI 
91 50 msec, following the target, little or no masking effect was 
obtained. Identification accuracy was 95%, essentially the ЗАН ii 
; at obtained when no masking stimuli were presented. W m vs 
: masking stimulus was interpolated between termination of the 
arget and the F2 mask, there was ап appreciable increment 2 
lé amount of target masking over that obtained by the F1 mask 
А опе, Thus the F9 mask oceurring at a temporal ISI that by itself 
Was too great to effect target identifiability, did reduce the target 
identifiability when mediated by an interpolated F1 mask. How 

IS effect is mediated, and over how long an ISI value it obtains, 

as not answered in the present experiment but is a subject for fur- 

8" research, 


t 


SUMMARY 
i ян : zing when а 
: Obinson has reported disinhibition of visual masking heo in. 
Ond masking disk follows a first masking disk at а ce? a 
ay: А 
15 Lichtenstein and Boucher, loc. cit.; Davy, loc. cit. 
urman, Eriksen, and Rohrbaugh, loc. cit. 
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terstimulus interval (ISI). The first of the present two experiments 
replicated Robinson’s experiment, except that a temporal forced- 
choice indicator methodology was employed. Not only did the re- 
sults fail to confirm Robinson’s findings, but the task and pro- 
cedure were found to contain a number of cues such as Mach 
bands and apparent movement that would completely confound 
any possible disinhibition effects. The second experiment was de- 
signed to eliminate these confounding cues and also to determine 
whether a masking flash temporally too far removed from the 
target to mask by itself would sum with an intervening masking 
flash to produce increased masking. This experiment failed to con- 
firm disinhibition effects but did find that a second masking flash 
occurring at a temporal ISI that by itself was too great to effect 
target identifiability, did reduce the target identifiability when 
mediated by an interpolated first masking flash. 


THE EFFECT ОР 
EXPRESSIVE VERBAL REINFORCEMENTS ON 
INCIDENTAL LEARNING BY MODELS AND OBSERVERS 


By Seymour M. Bercer and Susan W. ELLSBURY, 
Indiana University 


ыг study was an outgrowth of a previous investigation Бу 
field er? and some suggestive findings by Rosenthal, Kohn, Green- 
1010, and Carota.? Berger's paper provided some evidence that the 
ца) learning of an observer can be influenced by the verbal 
einforcements presented to a model, ie. by vicarious reinforce- 
fon verbal-reinforcement conditions there reported required 
T Say "right" or "wrong" to a model's responses, which were 
a by incidental cues. The verbal reinforcers were consist- 
йн associated with particular incidental cues during learning. 
о en tested to determine which incidental cues they recalled, the 
elis teers, tended to recall more of the cues associated with the mod- 
ine "ight? responses than ‘wrong’ responses. This effect was present 
fon б three experiments run, although it was statistically re- 
81 * only in the first. In two of the three experiments, the models 
«50 Tecalled more incidental cues associated with "right" than 
Wrong," but in each case the effect was small and not statistically 
Teliable, 
pu e recently, Rosenthal, Kohn, Greenfield, and Carota re- 
Score. 3 low but positive correlation between verbal-conditioning 
fusis; ys the expressiveness with which E announced verbal rein- 
ег “rs.” This finding suggested to the present, authors that Berg- 
results may have been influenced by the expressiveness with 
ка есећей for publication January 30, 1969. The research reported was par- 
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ation. The authors wish to express ( 
mm Peterson for елше of her laboratory facilities and to Gabriel P. 
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which the verbal reinforcers were presented in his three studies. 
More specifically, it seemed reasonable that E might have been 
more enthusiastic in the initial study and less enthusiastic in his 
delivery of reinforcement in the later studies, when the procedure 
became more routine. Furthermore, there seemed to be a theoretical 
basis for assuming that the emotional tone of E's voice might have 
influenced the observers’ learning: several studies have shown that 
an observer's learning can be affected by the emotional state of 
Someone else. If the observers in Derger's three studies had ex- 
perienced vicarious pleasure when their model was ‘right’ and vt 
carious displeasure when their model was ‘wrong,’ one might expect 
these vicarious emotional experiences to have differentially influ- 
enced the observers’ recall in favor of cues associated with pleasant 
experiences. Similarly, the models’ recall might have been influenced 
by the emotional tone of the reinforcements delivered directly to 
em. 
This analysis forms the background for the present study, which 
employed basically the same experimental task used by Berger’ In 
a мэ however, one group of models and observers heard а 
eliver the reinforcements in an enthusiastic fashion while a secon 
group heard the reinforcements delivered in a nonenthusiastic man- 
23 Tie hypothesis tested was that observers and models in the 
Enthusiastic condition would show greater differential recall of in- 
cidental cues associated with “Tight” and “wrong” than observers 


ariot ш ae 1 

cues associated slastie condition would recall more inde 

880014 ith “pj i | 

“wrong” tha B „With "right" and fewer cues associated У! 
n 58 in the Nonenthusiastic condition. 
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from the Ss. A screen around the drum obscured the recording of the responses. 

Procedure. Two Ss were brought into the experimental room and asked to 
take seats on one side of the table facing the memory drum. The 8 on the left 
was told he was the ‘subject’ in the experiment. Both Ss were informed that 
their assignments were based solely upon the seats they had chosen: the S 
Seated to the E's left was the model; the other S was the observer. These in- 
structions were given: 


s ећарв you have heard of extrasensory perception, or mental telepathy. 
тесеу s yestigntore believe that they have clearly demonstrated that people can 
л aie thought messages from someone else. Other investigators have not been 
Pose Ч demonstrate extrasensory perception and are less convinced. The m 
Somewl this experiment is to study extrasensory perception by a method that 1 
ew hat different from the ones used before. ‘oct in thi 

ex ave prepared a list of nonsense words and numbers. The abjent in his 
ж леш; is to try to judge what number I have paired with each of t море 
ju ЯЛЫГ If extrasensory perception does exist, the subject should bee the 
hers Ae paired numbers better than would be expected by chances 5 29 
some 5 Perception does not exist, the subject will guess болоо оп Эс 

ЄЁ вон ТОНЕ, which is expected by chance. The numbers I have chosen vary 
case, and 10 (1 through 10), so you may choose from 10 num! 


ndard with nonsense words x в 

Тізе the experi j he time the thought messa 

i. xperience of the subject at the | h me 

чи in order to assure that the subject has this standardized, еш, 

the shes to watch the rotating drum, and as the nonsense wor аре. н 

think е. word aloud. Then make an immediate judgment as коор 
hinki © paired number might be. You must give а judgment on ny e 

Ing about your past judgments will only interfere with the extras 


Processes, 
t i i Ч j on 
my data iio assure that I make no mistake in recording yout org aaa 
д се I have f i -enient if you would | 
Sense wor} сео 1 have found it conven you 5 2 unn go, for ex 
ample, pra you are looking at first and then make your Ете announce 


“Q-X-R-5 is 


signe model:] The purpose of pairing the numbers 


€ word is “QXR,” and your judgment d 
do not ( A and I will Вэ it. Notice that you spell the letters of the word, 
9 pronounce the word. мем 
зое а list of 16 wards, and this list will be presented nube D Бош 
Prese; e numbers assigned to words will be changed in ran om v ees i 
tion wi ion to presentation. Thus, a number which is correct on one р 
Wl probably not be correct on the next presentation. неге 
eriment is designed to move along quickly so as to рея 
tight o elects. As we go along I will try to tell you if your ] À gm alles 
еер cr Wrong. I have found, however, that I occasionally do xcd sd 
fere Up With the experiment and with recording the data. So та хүйн any i. 
thin With your attention to the next word, I will occasionally jus! n af a ман 
5 about whether you are right or wrong. W hen the wu per 
well Ve will go over your judgments together and you wi 
ar iv first 
hum there any questions? Remember, please do not debate—give the, vnd 
Ur that comes to mind. And once the experiment Бап ed. There 
will be Cach other, since we do not want the subject to be di 
» Опе practice trial and six experimental trials. ject, I must concen- 
trate O95Server:] Because of my interaction with the su m Xd. have time 16 
Operatz" е number which I am thinking; therefore, I ын а от at the 
®pproprinn’ machine, All you have to do is (9 
е е times, [The observer was shown 
the D tried to guess the number Ё had sv 
Thin, ^n Nonsense syllables. The observer's tas 
€ it off and on between trials; he was to W: 


his exp, 


»posedly paire 
A nik to operate the drum, 


atch the presentation of syl- 
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. Verbal 
lables also, although not required to read them aloud as was шеше the 
reinforcement was given by a prearranged schedule in accor 

8, not the number responses. — ? ased on 
e nonsense syllables used were of low vapore i was 
Glaze's findings? The average association value for the critica trial, in 
790 with the range from 0% to 20%. The Ss received one Шилэн The 16 
which the responses were not reinforced, and six experimental 7 In order to 
nonsense syllables were presented in the same order on each tria 7 s iro afl- 
weaken the effect of serial position on recall, the first two and as abate, d 
lables were always reinforced as ‘wrong’ and were not used in the "da model's 
was hoped that this procedure also would enhance the credibility of { the time. 
performance, since the model would make incorrect guesses most ea experi- 
The middle 12 syllables were considered the critical syllables in the qe 
ment: four were reinforced as "right, four were reinforced as мир m 
four were not reinforced. Each pair of Ss received only one of the ce sm 
of reinforcement during the trials. Through counterbalancing of the rei ber 0 
ment schedules for syllables over Ss, each syllable received an equal +s E 
"rights," "wrongs," and no responses by the end of the experiment. ement. 
forcement schedules were used with 10 pairs of Ss receiving each arrang 
The assignment of Ss was by random selection. E the Non- 
588 were alternately assigned to either the Enthusiastic condition or ctions 
enthusiastic condition. In the Enthusiastic condition, E read the instru in & 
With voice inflections; in the Nonenthusiastic condition, Ё read ШШ an 
bland tone. In the Enthusiastic condition, ‘right’ and ‘wrong’ need um In 
priate positive and negative emotional s 
imenter said either “good,” “fine,” or “great” in an e 


; : ly one 
he questionnaires were folded and put into a covered box. Actually only 
of the five 


1 t were 
Was specially relevant, to the experiment; the эн ob- 

fillers to he ise the true purpose of the questionnaire, which wa 

tain a validation of 77’ 


recal 
2 independently, all of the syllables they could 1 


speri- 
ximum of 5 min. was given for this task. When the exP 


ment was completed, the Ss were told its purpose. 


RESULTS 


The analysis of variance of correct recall scores for both types о 
8 (model and observer) revealed two main effects. Ss in the han 
thusiastic condition correctly recalled more nonsense syllables m 
did Ss in the Nonenthusiastic condition (Р = 9.57, df = 1/ 


m 
67. А. Glaze, The association у, 


2 
alue of nonsense syllables, J. gen. PSY 
35, 1928, 255-269 
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p< 01). Р 
isis 2 шон 19881] in the Enthusiastic condition was 2.57, 
weingoreenient in the Nonenthusiastie condition was 1.63. Type of 
df = 2/232 “к еше a significant overall effect (Е = Hal, 
сой Боп, of 5, на None of the interactions was significant. A 
(“tight,” “wrong,” 5 ярь of three types of verbal reinforcements 
sense syllables cm ага response) showed that more of the non- 
ciated with a oe with 'right" were recalled than those asso- 
test, а = 05) m wrong" or no response (Duncan's multiple-range 
аге тердей % n 5 mean recall scores for models and observers 
of significant i à le 1. The lack of a main effect for subjects or 
above for шаа demonstrates that the effects reported 
of the recall meis е and type of reinforcement are characteristic 
Їн яндан £o v is or both models and observers. 
tion of E's vicia; independently the effectiveness of the varia- 
amined by Ава husiasm, the Ss’ questionnaire responses were ех- 
ratings ion А of variance. This analysis dealt with the mean 
Perimenter s y both types of Ss to the question, “Did the ex- 
leant main eff ш enthusiastic about the experiment?” Only a signif- 
P < 01). Th ect for conditions was found (Ё = 2747, df = 1/116, 
Enthusiastic е experimenter was rated as more enthusiastic in the 
means were сЕ than in the Nonenthusiastic condition: the 
Bive favorabl d а апі 6.57, respectively. In general, Ss tended to 
most exclusi e ratings, using the ‘enthusiastic’ side of the scale al- 
Sively. 


Discussion 
esis which prompted the 
facilitate learning of the in- 


dent: 
1 al materi 
Vicarious- terials, the effect was genera 


TABLE I 
Mean RECALL SCORES 
Enthusiastic condition Nonenthusiastic condition 


Ss 
Ri No No 
Models ight Wrong response Total Right Wrong response Total 
97 — .90 3 270 70 -%0 AT 1.57 
AT 1.70 


о 
servers 1 00 
: -73 70 2.43 .83 .40 
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who had a nonenthusiastic Ё. Models and observers did [рай маг 
of the syllables associated with “right” than with either bes Е 
ог по response. The effect of enthusiasm, however, was simply of 
increase the total number of items learned regardless of the type 
inforcement used. : 

uc investigators have suggested that the emotional a e 
of others may produce specific empathetic or vicarious experienc : 
in an observer, and some have suggested that such experiences e 
reinforce learning. The present study did not provide evidence € 
the emotional reactions of others have specifie reinforcing effec » 
This same conclusion was drawn from another study which а 


tempted to test for specific effects of a model's emotional reactions 
in observer learnin 
model who w. 
the time. Wi 
observers w 


£5 In that study, an observer was exposed 23 
as reinforced either 100% of the time or just 25% he 
thin each of these reinforcement conditions, half ps n 
еге exposed to a model who reacted with pleasure W E 
her responses were correct and with displeasure when she аз e 
correct; the other half of the observers watched a nee 
model under the same conditions. The results of that M 
showed that observers who watched a partially reinforced mo 
had greater resistance to extinction than observers who watched 1 
continuously reinforced model; the effect of the model’s emotion? 
reactions was generally to increase the observer’s resistance to p^ 
tinetion regardless of the reinforcement condition. Therefore, m 
addition to the present study, there is evidence for the interpreta- 
tion that emotional reactions of others have general rather thar 
ces for observer learning, 1 e 
vide further support for this interpretation, po 
a were performed. If Ss in the the 
re highly motivated than Ss in ls 
s difference in motivation might t 
r of responses given on the recall шэн 
give more total responses (те. es d 
nses) on this test than the less motivate 


TJ. Aronfreed, The origins of ic behavior, 2, P 
tead at the APA meeting, New York, 1966; A M R. H. Wa cits 
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Ss. An a 1 А 
type of = у зака. of the total responses given by each 
only for conditi wo conditions revealed a significant main effect 
onde deer Хайнан 1/116, p < 05). Ss in the 
than Ss in the f ition gave more total responses on the recall test 
9.05, respectivel oc eo condition; the means were 6.08 and 
observers, y. The effect was the same for both models and 

An analvsi ” 

y Ss pes s 8 was also performed on the ratings given 
them to rate in Ше questionnaire's filler items—an item asking 
ratings of ead interesting they found the experiment. Higher 
Motivated Ss th 5 7 the experiment were expected from the more 
ects were si wre the less motivated Ss. In this case, both main ef- 
diis and de p rati for conditions, F = 9.35, df = 1/116, p < 
action was 22) jects, F = 8.84, df = 1/116, р < .01. The inter- 
More interest ees in the Enthusiastic condition reported 
Condition; the 2 experiment than did Ss in the Nonenthusiastic 
Tegard to the meen ratings were 7.03 and 5.83, respectively. With 
Interest in t main effect for subjects, the models indicated greater 
Mean — Жэн experiment (mean = 7.01) than did the observers 
experiment 5 ). That is, in both conditions, greater interest in the 
oth models as reported by the models than by the observers, but 
Sreater inter and observers in the Enthusiastic condition reported 
in the Non est in the experiment than did the models and observers 
tiet, һө enthusiastic condition. 
cidenta] dex dos assumed change in general motivation affects in- 
effect, of Be ein was not clarified by the present experiment. One 
and h 8 enthusiasm may be to increase S's interest in the task 
esented. Another possible ex- 


is a : 
attention to the materials рг 
moderate increases in gen- 


anation ; 
ега oe 18 based on the assumption that 1 
else's em aton enhance performance. Perhaps exposure to someone 
sequence ae state increases observer activation and, as а con- 
ү model S d observer learning? In the present study, both 
lona] Mies the observer were in fact observers of E's emo- 
duced in b ; thus an increase in activation may have been pro- 
Merease ; oth Ss in the Enthusiastic condition, with an attendant 
Se in learning. 
that observers’ recall of inci- 


This stu 
affected by the reinforcements 


denta m dy replicated the finding 
aterials was differentially 


nt behavior, in Е. С. 


"SUM B 
- Ber, МЕ" 
ger, Vicarious aspects of matched-depende’ ) 
litation and Imitative 


Sims 
Bo mel, А 
avior, ida Норре and G.A Milton (eds), Social Faci 


840 BERGER AND ELLSBURY 


given to a model.!? In the present study, however, the models' Pr 
also was differentially affected by the reinforcements, an effec 
which was not clearly evident in the earlier study. Tini е 
this study no differences were found in the recall scores of the mo 1 
and observer, while in the earlier study observers tended to mw 
more items than the models. In the earlier study the observers Sa 
the syllables to the model, while in the present study the — 
task was merely to operate the memory drum. This difference Fi 
the focus of the observer’s task may have reduced his learning 
vantage over the model. . 
The implications of this study for laboratory studies involving 
verbal reinforcement are quite clear. The effectiveness of these ге 
inforcements depends in part on the enthusiasm shown by Ё. If i 
is engaged in a relatively long experiment, with a large number A 
Ss, his initial enthusiasm may wane over an extended period, with А 
consequent reduction in reinforcement effectiveness. The same ll 
Plications apply to learning in natural settings as well. The teari 
or parent, for example, who puts some emotional force behind verba 
reinforcements is likely to exert greater influence. It must be note 4 
however, that such influence may not be in the intended direction 
n accordance with the findings of the present study, expressa 
verbal reinforcements not only enhance learning of the spec! : 
responses they follow but also enhance learning of other responso 
elicited by the situation even of those responses which were neg 
Ё ifically reinforced at all! TN 
It is also clear that Ss’ recall is influenced by the verbal rem” 
cidental learning БА! einforeers do produce specific аара A the 
caning. Ss in this experiment may have entertaine т 
the nonsense syllables contained some hidden ын 
umber response. Consequently, when the moe 
“erver may have reviewed or cover J 
ut de Sy lable-number кеди which were ‘right’ to E 
° pattern emerged. Such extra rehearsal could } 


à ) i 
"right. „arning of the syllables associated with the reinforce 


reinforcers “right” and : 
may have been carried in the € 


9, 1961, 477-491. 


The motivational Component 


19 Berger, ор. cit., Psychol, Rep., 
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sive manner in which the reinforcements were presented in the ex- 
periment. Consequently, the procedures used in this study may 
have general implications for the analysis of the effectiveness of 


Нян reinforcement in terms of informational and motivational 
actors. 


SuMMARY 

The purpose of this study was to determine whether a previously 
demonstrated effect of vicarious reinforcement on observers’ inci- 
dental learning could be enhanced if the experimenter announced 
right” and “wrong” in an expressive-emotional manner. Half of 
the Ss heard the reinforcements delivered in an enthusiastic fash- 
101, while the other half heard the reinforcements given in а non- 
enthusiastic manner. Both models and observers recalled more of the 
Meidental cues associated with the reinforcer "right" than either 
with “wrong” or with no response from Ё, but the effect of E's 
enthusiasm was to enhance recall of all syllables, regardless of ын 
Уре of reinforcement. The results did not support а vicarious- 
experience hypothesis, Some alternative hypotheses were suggested. 


0 5 
EQUIDISTANCE EFFECTS IN VISUAL FIELD 


Ву Wauter С. GocEL, 
University of California, Santa Barbara 


ч еуез 

In a visual field with a surface (floor) located еН me 
of the O and extending in depth, the parts of the floor M^ шүр 
distant also are higher in the field of view. It зайдан t ie visual 
ject suspended above such a floor tends to be nearer ва г. This is 
direction from O to the more distant portions of the раене 
illustrated in Fig. 1, a perspective line drawing which re will be 
O's view of a visual alley and a suspended object (A). the parts 
noted that the most distant parts of the visual alley are there 816 
directionally closest to Object A. As Fig. 1 suggests, when чирэн, 
no cues to locate an object like A in depth, it appears : which it 
the back surface of the alley regardless of the distance a biect like 
might be physically located in the alley. If, however, an о i vers 
А is lowered in the visual field, its base can directionally D at 8 
€ floor of the visual field. When this occurs, A is сэртэн the 
distance in the alley where a line from the eye of O n de- 
base of Object A intersects the alley floor. This ee to 

i i € of optical contact, has been 


S been 

: as 
determine apparent size and apparent distance, and кийе 
investigated as à function of perceptually different back 
slopes.3 


dency, in the ab 
parts of objects) to : о 
versely related to the directional (angular) жык objects 
objects. The tendency is assumed to exist with respect to al hat the 
in the visual field, from Which assumption it follows tha 

* Received fo 


ү r publication January 8, 1968. d 

1J. J. Gibson, The Perception of the Visual World, 1950. :;ance and per 
2 R. P. McDonald and Patricia T. O'Hara, Size-distance invarianc 

ceptual constancy, this Journat, Tf. 1964, 276-280. 9 nder tht" 
з W. Epstein, Perceived depth ава function of relative height u IL, 

background conditions, J, exp. Psychol, 72, 1966, 335-338. Bu 
Жү, G, 

62, 1964, 158, 


ее 


ee hol. 
ogel, Equidistance tendency ‘and its consequences, Psyc: 
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ee 


Fra : 
- 1. O's View or a VISUAL ALLEY AND А SUSPENDED 


Ossect (A) 


а 
de distance of an object with few or no effective cues to dis- 
all As be determined as a resultant of the combined effect of 
Visua] equidistance tendencies between it and other parts of the 

field. 

of "c ВЕ the conditions illustrated in Fig. 1, therefore, the strength 
eee tendency would be greatest between Object A 
e most distant parts of the alley, since these most distant 
fat à most adjacent in direction to Object A. Consequently, 
8Pproxims under these conditions, would appear at a distance 
Wou mating the most distant parts of the visual alley. Object A 
ack not necessarily appear to be located at the distance of the 
Wall5 particularly if the back wall were a black area that did 
rity, J. exp. Psychol., 


5 
W.c 
84, 1964, ao ge Perception of depth from binocular dispa 
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sometimes appear to be stretched along the floor. This жин i 
when cues for depth were not, available to indicate to O tha 
parts of the object were at the same distance. egui 
The assertion that optical contact is a special case of the e 
distance tendency is Supported in that optical contact үзэг fe 
plain the apparent depth of an object when no parts of the o s 
ct with any part of the visual field. ш 
Чїзїапсе tendency сап explain both this case and the case ap 
ulting from optical contact, The a 
mplications for the not-infrequent, use of inei 
Wn in Fig. 1 to measure the perceived mes 
TÜcular cues associated with experimenta. 08 


use of а comparison field, particularly rag ak 
is presented simultaneously with the experimental object, is d» 
to the objection that the comparison field itself produces лэн 
th respect to the experimental object. wits a- 
- 1, that the capability of the cue of айоо is 
ect A close {о O were being evaluated. king 
8 © opposed Бу the equidistance tendency pras 
Object A аррваг distant from O, i.e. toward the far end of the yd 
Thus, the equidistance tendency could modify the perceived sti- 
е that would have resulted from the cue system being inve 
gated. 
The present stud 

an object can appear at the 


mental object Presented 
of the effectiveness of a dept 


У comparing the perceived size and distance 0 


8 Gogel, op. cit., Psychol. Bull., 62, 1964 153-163 iL, 6? 
БГ, 85 оре, Size cue to visually’ Perceived distance, Psychol. Bu 


Ld 
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object ibn 

the diem, was presented above the floor of a visual alley with 

the dark. The size and distance of the same object presented in 

distance tende cue system whose effect was modified by the equi- 
ney was that of familiar size. 


Мєтнор 


Appara as 
from a dd familiar object used in the experiment was the 10 of spades 
Serted between playing cards. A photographic transparency of the card was in- 
to the right of да source of light and a projection screen that was 106 ft. 
Only) by means / The transparency was viewed monocularly by O (right eye 
made the card й of a partially transmitting, partially reflecting mirror which 
Was equal to no to be in front of O. The visual angle of the transparency 
Tansparency h is visual angle of a normal-sized card at 5 ft. from О. The 
Test and lacked ш luminance of 3 ftL. О was provided with a head-and-chin 
dark durin t irough a viewing aperture located in a booth that was totally 
he all Б the experiment. 
composed of which O saw was 3 ft. wide an 
elow his e white and black checkboard squares 
the floor um The walls of this visual alley were 
ight, a ciga e alley at a distance of 3, 6, 8, 12, an 
tespectivel rette package, a pair of sunglasses, 8. Soup 8 
аз that of ra The average luminance of the alley was approxim 
With the ri e playing card. The visual alley, like the card, was 
k ки eye only. 

каешы e en playing card (transparency. 
Simultaneously or separately. When presente 


as vj 5 
iewed against a black curtain at the end of the 
When the card was pres 


d 167 ft. long, and had a floor 
(9 in. on a side) located 7 in. 
formed by white cloth. Along 
d 16.3 ft. from О were & flash- 
n, and a butter carton, 
ately the same 
always viewed 


) and the visual alley could be 

d with the alley, the 

of the card 3 i alley, with the bottom 

Other ob; 3 in. above the alley floor. ented alone, по 
Ject or surface was visible. 

e in psychology were 


Toced. 

Used in ies Forty students from an introductory cours 

20/29 experiment. All Os had а visual acuity in their right eye of at least 
Keystone orthoscope. Part of 


» both 
h near and far, as measured with the 


the ; 
н instructions were: 
This ig : 
ings 19 ап experi А 
ndicate n experiment on how people perceive objects. You will be asked to 
q distance of objects to be. When we 


wi З T 
the You to ud ou perceive the size ап 
of object a ndicate the distance of an obj 
О an ol jeep Dearg to be from your eyes. Г u 
ар appears’ те want you to tell us how wide (left-to-right extent) the ob- 
will yes, БЕР be. You will indicate how 
inch, Xpress i px wide the object appears to be, 

o es, n feet or inches or, if you wish, in some com 

al о 
Size (зур gg all presentations, the distance report was completed prior to the 
rete Use 2 report for each situation. Two kinds of experimental situations 
ated p нэ п one situation (Alley condition), the visual alley and the simu- 
ing card were presented simultaneously. In the other situation (Re- 
therwise totally dark 


dus 
Seon 
nditi : 
dition), only the playing card was visible in an o 


8 

de W. C. . НИЙ" 

“pth, БетсовБе! and Н. W. Mertens, A method of simulating objects moving 1n 
Pt. mot. Skills, 23, 1966, 371-377. 
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m lle; 
visual field. Twenty Os were presented first the Reduced vedo MN NE 
condition. The order of conditions was reversed for the 20 ot ER orally te 
ments of the apparent distance and the apparent size of the card e mr vat 
both conditions, and then the alley was presented again, with the p «nen of 
absent. The purpose of this final Presentation was to calibrate O's es m 
apparent distance, Since adequate cues to perceived distance were P of the 
the alley, it was hypothesized that errors in judging the d io Bb 
objects (the flashlight, etc.) on the floor of the alley could be attribu bei 
dividual idiosyncrasies in mentally applying a foot rule to the pipe eas oi ob- 
tance. This last Situation, in which the Os judged the distance of the Энэ 
jects along the alley floor, was termed the calibration situation. A e: mis 
best fit, using the method of least Squares, was applied to the results TO! on 

i m each О. This permitted the estimated distances 0 


+ verte 
card that were obtained in the Alley and Reduced conditions to be con 


1 
пее цэн. ique of verba 
to scores corrected for individual differences in using the technique О 
estimation? The sı 


T » librated 
cores resulting from this procedure were called ca 
scores, 


Rzsurrs 


are summarized in Table I, with the original pn 
ates) and calibrated Scores (verbal estimates ni 
idiosyncrasies) shown in the upper and T 
portions of the table, respectively. The effect of the өрх 
tendency on the perceived distance, and thus on the eme on 
Size, of the playing card is indicated by the differences between on- 
results (average and median) from the Alley and Reduced pd 
ditions, For example, the first presentation of the card and alley 


TABLE I 
REPORTED Distance (07) Ayp Reporrep Size (87) 


А jons 
First Presentations Second presentati 


ЧТег- 
Re-  Diffe- Re- e 
Ally duced ence Ally duced 
Original Scores 
Mean D' in ft. 


5.2 
ү 7.5 4.5 
wean Ding, 508 38 ti 70 38 32 
RUD s 52 24 6.5 81 4.1 
Mean S in in, 5.3 3.1 2.2 10.1 6.0 2.0 
Median S' in in, 5.0 2.5 2:5 5.5 3.5 
с of S' 2.6 2.5 12.9 7.7 
bd Scores 5.9 
Mean D'in ft. 10.3 5.: 6.2 $i 
Median D' in ft, 8.2 Эр FE ч 6.3 Bs 
сор! 5.3 4.4 ` 2.9 2.6 Баг 
ilis 
poe © os В. 0. Hartman, and С. 5. Harker, The retinal size g ыр (NO- 
object as a de erminer о Apparent dist: с 21 gr., (1, 
13, Whole No. 442) 1-16. tance, Psychol. Mono 
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gether res 1 
О. When Pee ag у report that the card was 7.5 ft. from 
Ported on the e" р was first presented alone, however, it was 16- 
these two militia to be at a distance of 3.8 ft. Similarly, under 
and 3.1 in. н. е average reported widths (sizes) were 5.3 
in size (2.2 in.) ively, These differences in distance (3.7 ft.) and 
and 2.68 res - "ээ both significant at the .02 level (tss = 2.85 
the 5.2-¢¢ T ively). Also, considering the second presentations 
the Alley s E. between the average reported distances іа 
Mas = 3.19) d ced conditions was significant at the .01 level 
in these "^ : tough the mean differences between reported sizes 
reported size mn were not significant, at the .05 level, the 
Significant differences (using the Mann-Whitney U test) were 

Table I z the .01 level (Z = 2.64). 

from the oon that the average differences between the results 
Card е and Alley conditions were consistent; т.е. the 
han the card in the Alley appeared to be more distant and larger 
Was the aver presented in the Reduced condition. The one exception 
Sentation aun difference in size obtained between the first pre- 
Condition, B ^ Alley and the second presentation of the Reduced 
Was in the к dandi. this case, the difference between the medians 
card in the тоон direction. The tendency to see the playing 
card in the = condition as more distant and larger than the 
‘stance tend educed condition reflects the influence of the equi- 
епсу upon the perceived distance, and thus ihe per- 


ceived s; 

t ues of the playing card. 
M sio d also be noted, however, 
Alley. Then card to appear yeridical in th 
TS manca A distance score (5.5 ft.) of the card in the 
(2. ín) v But of the Reduced condition and its perceived size 
25 € = similar to the simulated distance and width of 5 ft. 
ch th, respectively. The calibrated scores also indicate that 
he Alle S playing card appeared to be almost twice as distant 
€ avera y condition as in the Reduced condition, it did not on 
"Dpeareg ge appear at the back wall of the alley. If the card had 
еу кү the back wall, the average calibrated score from the 
“ vera ition would have been 16.3 ft. But both the 10.3- and 12.2- 
age results from the calibrated scores (Table I) are $18- 


Nifieg 

nt ” 

Tes ly different from 16.3 ft. at the .01 level (бә = 4.89 апа 6.29 
distance tendency, 


Peet} 9 
the р aray); Thus, as expected from the equi 
Mg 08 aM did appear toward the back of the alley but, 
ht with the view that the final value is the resultant of all 


that there was a tendency for 
e absence of the visual 
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the equidistance effects, did not, on the average, appear at the 
back wall of the alley. : 

The results from the estimates of the apparent distance of objects 
placed on the alley floor in the calibration situation are given I 
Table II, which shows that reported distance was a linear function 
of physical distance. 


Discussion 


Using the cue of optical contact, McDonald and O'Hara dorsi 
а direct relation between the perceived size and perceived йил 
of triangles of a constant angular size A similar relation ! 
present for the median data of Table I. The equidistance tendency 
resulting from the alley increased both perceived distance pa 
perceived size of the experimental object. The fact that this «d 
curred when a playing card was used indicates that the p» 
distance tendeney has an effect despite the presence of wo 
5126 as а cue to perceived Size and perceived distance. Since E 
equidistance tendency normally is effective only when distan? 
cues are reduced or ineffective, the present experiment suggests tha 
familiar size is not a strong cue to either perceived size or perceive 
distance. On the other hand, the decrease in perceived size 88 
distance of the card—a decrease which tended to occur betwert 
the first Presentation of the Alley and the second presentation 0 
the Reduced condition—suggests that in the absence of any орровіпё 
tendencies, familiar size can have a measurable effect.” d 

The view that the final equidistance effect on the playing p 
was the resultant of all the equidistance tendencies between t 


TABLE II 


Бие : 
HYSICAL DISTANCE (D’) anv REPonTED DisrANcE (D) : 
ALIBRATION SITUATION 


D' in ft. 

Object D in ft. Mean Median 5 
Flashlight 3.0 0 2 
Cigarette Package 6.0 1 £0 2 f 

asses : : à 
Soup can 18:0 2 80 19 
Butter carton 16.3 181 11:0 ма 
10 McDonald and O'Hara, op. ci 
а, ор. cit., 27 Ни 
more recent experiment, ee dicat h imilar хэн? nk 
jar conan rectangles of the same shave cr? indicates that а si bie 


€ as playing cards, but without the pject? 
he sen?" 


a— EN 
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card 5 " 
that з ас я in the visual field makes possible the notion 
distance ТМ po may be graded in its influence on perceived 
variety d ire Һе equidistance tendency may be important in a 
рио О лан Ког example, it has been applied in the 
than а platii e moon illusion.!? If a disc of light (a moon) rather 
that the dise н. vp had been used in the present study, it is clear 
parts of Ше ine have appeared somewhere above the more distant 
ties of the die A change in the size and directional characteris- 
— i : in the alley, or of the parts of the alley, would 

tanee (and is affect the final result and hence the apparent dis- 
as has bee apparent size) of the dise. It is reasonable, therefore, 
п found, that the moon illusion should vary as а function 


of the и Эрс 
moon as тагасегаИсв of the terrain extending from O toward the 


The ; SUMMARY 

Visual fae of a playing card was presented in 
alley, The or apparently suspended above the floor of a 
Judgeq p perceived size and perceived distance of the card were 
«ааа, 40 Os. In agreement with the expected effect of the 
istant a ^3 tendency, the playing card appeared to be more 
field, The larger in the visual alley than in the reduced visual 
3 very a suggest that familiar size was a valid, but not 

effective, cue to perceived size and perceived distance. It 


an otherwise dark 
visual 


Seems 

зы the equidistance tendencies occurring between simul- 

field Presentations of experimental objects and comparison 
d distance of 


n мАн, distort the perceived size and the perceive 
Contact dla ental object presented in the comparison field. Optical 
limitin ong a visual surface as a cue to depth was discussed as & 

12 но. ам of the equidistance tendency. 

18 el, ор. сї 
т. Kaufman dud {М Р бо Шин Sci, Amer., 207, 1962, 120-130; 

i on's apparent size as а 


[S 
unction md the Kaufman, The moon illusion: ЇЇ, The mo 
е presence or absence of terrain, ‘Science, 136, 1962, 1023-1031. 


VISUAL DELAY AS A FUNCTION OF LUMINANCE 


By J. A. Witson and S. M. Anstis, 
University of Bristol, England 


" ter 
It has long been known that dimly lit visual stimuli are siae 
than bright ones, with a delay of up to 100 msec. This p "s 
sponsible for the well-known Pulirich pendulum stereo e Чуй of 
the amount of delay has been calculated from the mages ing in 
that effect. In such experiments, a pendulum bob is set pen nt 
the frontoparallel plane. Neutral density filters are placed wer for 
or both eyes, to dim S's vision of the bob by a different pu i 
each eye. One eye sees later than the other, and since ШӨ which 
moving, the delay gives rise to a spatial binocular disparity swing 
S interprets as a displacement in depth. The bob appears io iter 
in an ellipse; clockwise, as seen from above, when the esi is 
is over the left eye, and counterclockwise when the denser depth 
over the right eye. The more dense the filter, the greater the int 0 
effect, By setting a pointer under the apparent near or far е the 
the swing, 8 can indicate the size of the depth effect. From t у ће 
relative delay can be calculated: the more dense the filter, 
greater the delay, jthout 
Ur experiments gave a more direct measure of the delay, pm 2 
using the stereo effect. We presented two targets, both seen f each 
8), and controlled the intensity © allel 
0 targets moved sinusoidally along Р When 
he frontal plane, with a fixation point мин, to Jag 
» In phase, the dimmer target appearec s again 
S then adj e of one target until the two targe” which 
e together. Thus he put in a phase pe corded: 
* apparent phase lag. The setting was recor. 


* Received for publica tio: 


d^ 
February 11 1969 (огои 
1 Carl Pulirich, Die Stercoskopic im Dienste der isochromen und h 506-60 

men Photometrie, Na 


lurwissensch 


aften, 10, 1922, 553-564, 569-574. 
714-722, 735-743, 751-761 
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Since our method presented both stimuli to the same eye, it 
showed incidentally that the delay is localized to position on the 
retina and cannot be a property of the eye as a whole. The delay 
cannot be due, for example, to any so-called state of adaptation 
of the whole eye; our results showed that the same retina responds 
with different delays to different illumination of its parts. 


Мєтнор 


Apparatus. Preliminary work showed that, as would be expected from 
ulfrich-type experiments, the effect occurred both with a bright target on а 
ШК ground and with a dark target on a bright ground. Using bright-on-dark, 
ша e could conveniently be shown on a suitable C. R. oscilloscope; Ta oun 
юан experiments, however, we used dark-on-bright, with marker is м 
Gore along back-illuminated slits. This allowed greater ун a ge 
for but and a greater range of luminance. The results were essentially the 
РЕ types of display, and only the latter are reported here. | 
© apparatus is shown in Fig. 1. 8 viewed binocularly through а ашы 
E © а black card 45 cm. from his eyes. In the card were cut two paralle 
мянган slits, 50 mm. long x 2 mm. wide, and spaced 20 mm. apart бшш 
жы, 8°, 349, 2569 visual angle). A fixation point was provided ш, A 
iem i шав The slits and fixation point were backed by a sheet of groun 
» And back-illuminated by a projector. : . 
4 ng each slit a spot Shadow аван through a distance ped 
2-m ©рз. Each spot was the shadow cast by the projector from А т a 
бийг iameter mounted as a crank on a synchronous motor. (To : агре EN 
Эр the projector was slightly stopped down with a rectangular aperi 
a font of the lens). One rod was used for each shadow, each rod mounte on 
as Parate motor. The two motors were mounted on the same vertical мэ 
Wise” Опе another. One had a clockwise rotation and the other counterc ва > 
* во that in this mounting they rotated in the same direction and in 


8 H 
Улсїгову, The two shadows cast by the cranks then moved together, sinu- 


501441) : t, S could rotate the 
y and rary f the upper spot, © cou 
b in phase, To vary the phase of Ene UP aring. The shaft of the 


Ody of the u : d in a be 
pper motor, which was mounted 1n а 
ко rotated reae i with respect to the body of the motor; hence з 
Hon Of the body through a given angle rotated the shaft by the same pue 
coula DM to its synchronous rotation. The angular setting, of 4 or ae 
ers ° read from a protractor fixed to the body of the motor. poner 
hot ; checked frequently during the experiment to make sure that nf 
imped out of phase with each other as synchronous motors are apt to » 
8] Sutra] density filters could be interposed over either slit, to a maximum 


a H H Ї 
Цэр units, The maximum luminance at the slit (without filters) was 3.25 log 
р. 


d ftL.). The minimum luminance used was 235 log ftL. (018 ftL.). 
edu; 


re. The apparatus was set up in a dark room, and 5 аз аас 
for 30 min. before testing began. A filter was pee oe 0.25, or 
t, to preset its luminance at one of five values: 3.25, 225, Y riher re- 
For each of these preset values the lower slit er 80 3.5, ог 
Uminance (relative to the upper slit) by 0, 1.0, 15, 2.0, 2.5, 3.0, 9.9, 


3Pper sl 
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-- аг-- : 
— Е 
Subject € E 
/ 54- 25mm. | 
50тт. 


23 
о 
2 


| 


22 


Slit diaphragm 


Synchronous motors 


Display: slotted screen 
with ground glass 
diffuser Projector 


Fic, 1, Apparatus AND, Above Right, DiserAv Seen By S 


5 
40 log units. All of these conditions were used if S could see them; ean 
conditions in all were bright enough for the Ss to see them and make sett! 
The conditions were Presented in a systematic order from dimmest 0 ee 
est, Since it seemed more important to avoid difficulties with adaptate о 
to avoid Possible artifacts of order. Sometimes during the testing, 8 eel 
serve afterimages; when this occurred, he was allowed time to dark- 
Thus S was always well adapted to the stimulus luminance presented. 


VISUAL DELAY AND LUMINANCE 353 
100| 
compared with 1800 tl. lamboets 
306| 
4 
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= 
u so 
a 
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E 
3 
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ш 
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Е 
20 
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ы 92 т 30 100 100 в 
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e eo 03 1 10 — 100 1000 
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100 
Subjact JW. 


o 


DELAY (m. soc) 
€ 


L3 
somar | 30 100 1000 
LUMINANCE (thtamberts ) 
(2a Fia. 2, VrsuaL DELAY AS A FUNCTION OF LUMINANCE ,Ţ ly lit 
imulus relative to a more intensely 1 
i referred to a lumi- 


3 Show, : d 
Sti 3 one S's delay for a dimly lit st 
hangs; 2b shows ache for stimuli of different luminance, 
Stant D f 1800 ftL., points obtained from 2a; 2c shows data 

* plotted on logarithmic coordinates; 24 and 2e show lo 
like 2c for the other two Ss.) 


from 2b plus con- 
garithmic plots 


ION AND ANSTIS 
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i 1 h curve were 
tandard luminosity to which the judgments on T em сер 
= : ed is given by the abscissa of the right-hand p 
referr : 
Я ате 
u^ 7 the dim slit appear 4 
The curves show that the movement on dee n 
to lag behind that on the brighter slit and that хай: ee aes ИЙГ 
ТН Nantes e difference in luminance, Moreover, "Mese the 
: steeper slope in dim light: for a given difference in 
delay was greater when the overall luminance was low. 


: 7 delay be- 
Treatment of results. Each curve of Fig. 2a aig matter 
tween one marker of fixed luminance and a eae, ny only a small 
of variable luminance. Each curve, however, coy нефе if we 
range of luminance. We could not extend the prece masked bY 
did so, S was unable to see the dimmer marker: it w ^ ht-adapted, 
the brighter. S's €ye could deal with 3 log units when lig 
and 116 log units when dark-adapted. data a single 
However, it is possible to reconstruct from the pur in the 
curve covering the whole of the range of шээг рэн 1 ftl- 
experiments, by plotting cumulative delays. If a de си delay for 
has been measured against a reference of 10 ftL., онаа to get 
10 against a reference of 100, then we can add the two h luminance 
the delay for 1 against a reference of 100. If for eac with which 
there is a definite delay, independent of the pun d luminosity 
it is compared, then the cumulative delays between ын calculated, 
levels would be the same, by whatever route they are сё 


t- 
гуе. А leas 

and the set of cumulative delays would all lie on one curve 
Squares test, describ 


smooth curve, so j 
used, e. with the ey 

The cumulative- 
graphically by shif 
the right (high lumin 


say 
had to suppose that even our brightest light had some ra ( 
Б»). To estimate the total cumulative delay we added ae by 
points on the curve, shifting it up even further. D, was ta to the 
computing for it that value which gave the best-fitting a 
data points. The curve fitted was a power function of the fo 


[1] 
D = аг" —D,, 


| 
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where 11 А 1 
ЭН ithe ai in ftL., D is observed delay in msec., Do is 
USt b are тас constant delay to be determined in fitting, and 
ing inversely v Bes parameters. The power-function term аї-, vary- 
delay. The Ж: h luminance, gives the major part of the observed 
law curve to ^ s constant term D, allows the best-fitting power- 
Wits beloer е ound and represents in principle the difference in 
bright ска i im brightest marker and a hypothetical infinitely 
other баШ : ги БИШЕ our experimental error. (There may be 
мм блк у, шин in perception, not affected by luminosity, but 

The data 5 as inherently incapable of revealing these.) 
Нил Fig is and the fitted curve are shown in Fig. 2b (replotted 
fects of ын for one S. The fit was good; after allowing for the ef- 
tions fitted ing, the variance ratio was 13.3, р < 001. The equa- 

ed to the data for the three Ss were: 


JW. ов 

BM : = 36.001-#° — 2.7 msec. V.R. = 13.3, p < 001. 

SA. D T 16.711-50 + 1.8 msec. — V.R. = 31.0, « 001. 
= 37.201-?? — 8.0 msec. VR. = 45,р < 001. 


tested, from а barely 
Over this range, for 
creased by a factor 


The sese. 

visible leh “a held over the 5-log-unit range 

each ten a w an uncomfortably bright one. 

8 approxim reduction in intensity the delay in 

delay sa 2 (J.W. S.A.) and 3 (B.M.). In other words, the 

Uminosity roughly with the inverse square Or cube root of the 
y. The longest delays were of the order of 100 msec. (ob- 


Serve 1 
4) and 150 msec. (cumulative). 


hax 
this de Before plotting, Do was & 
8 the origin to take account of residual delay, leaving only 


e 
Power : 
Withee n term in the fitted curve. This, when plotted on log- 
er tw coordinates, becomes à straight line. The data for the 
о S are shown in Fig. 2d and 26, treated in the same way. 


| Our 4 Discussion 
lit o je ata showed that visual perception is su 
all the T being seen later than those which are strongly lit. When 
t elays were referred to the same standard luminosity, the 

9f de p, A curve, D = al? + D,. The measurements were 
Ut the e one percept relative to another of different luminance, 

Rreatest | ted curve represents cumulative delay, relative to the 
uminance which we used. The greatest measured delay was 


bject to delay, dimly 
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ез 

100 msec., and the delays accumulated to 150 msec. оаа 
are much greater than those reported by workers using ium th 
type experiments to measure delay, although much less 
retinal latencies reported by researchers in animal physiology. -— 

The delays as measured from our three Ss were of very ee 
the same magnitude, but the exponent b of the fitted (шү a 
trolling the slope of the logarithmic plot, was rather pep 3 
one of the Ss: —0.5 for B.M., as against —0.29 for J. W. an | ж 
for S.A. This difference was probably due to experimenta + ths 
the fitted value of b being rather sensitive to small errors 4 
high-luminance, short-delay end. 


Comparison with data of Lit? and others. Lit? and Rock шр 
have reported Sensory experiments on the Pulfrich stereo PIN at- 
enon, relating luminance to perceptual delay; and Adrian an ts on 
thews® and Hartline® have reported physiological ау ап 
retinal and optic-nerve latencies. With the exception of Roc ower 
Fox, the data given by all of these writers can be fitted to à P 
function. inous in- 

Lit measured the effect, of binocular differences of luminou his 
tensity on the magnitude of the Pulfrich stereo effect and eir 
data caleulated the effect of intensity on delay. Lit's La лме аА o 
like ours, covered a fairly wide range of luminance in a ШШ ет o 
overlapping segments, and his results were plotted as a ene that 
short curves, each Tepresenting measured delay. He suggeste ction 
his results would be explained if delay were an inverse үш we 
of log intensity, but he did not calculate cumulative delays —_ 

ave done. Replotted in this way (Fig. 3), Lit’s data fit a P 
function remarkably well. The best fitting equations are: 


CGM. р = 7131-1 + 15.5 msec. 
АН. D= 74.01-19 + 13.0 msec. " of 
The only marked discrepancy from our findings is that the s and 
the plotted line is much less steep for Lit’s subjects (7-0: 
—0.19) than for ours (—0.29, —0.32, —0.5). We cannot Уб 
? Alfred Lit, The ma 
binocular differences 
NAL, 62, 1949, 159-181 
Ит ор. cit., 171. 


n; 
M. L. Rock and B. H, F Я ich phenomeno 
JourNaL, 62, 1949, 279-284. 0% Two aspects of the Pulfrich p 

5 Е 3, 


ege 
D. Adrian and Rachel Matth ion of light on the 
Physiol. 63, 1927, 378-414; 64, 1027. 58—38, Тће action of lig igual 88099 
° H. К. Hartline, The discharge of nerve impulses from the single У! 
cell, Cold Spring Harbor Sympos. quant. Biol., 3, 1935, 245-250. 


b ex 
гар of 
1 ction 07 
Enitude of the Pulfrich stereophenomenon 88 & үл” 4008 
of intensity at various levels of illumination, 


this 
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Fro. 3. Visuan DELAY ron STIMULI or DIFFERENT LUMINANCE, 
RrPLorrEp FROM Lrr's Data 


s, and we did 


Plain this difference in slope. Lit used artificial pupil 
to reduce the 


uz but the effect of variation in pupil size would be 
pe, making our results more like Lit’s. 

Rock and Fox's conclusions are inconsistent 
29 ю which they fit the function: stereo effect = k log log (1/ 
"ansmission), With the usual method of conversion, delay is ap- 
Proximately proportional to stereo effect over the range which they 
*overed, and the equation is then equivalent to р = k log log (1/1). 
‘either our data nor Lit’s could fit such а law. However, the data 
sie by Rock and Fox cover a range of less than 2 log units of 
Tew whereas Lit’s data cover 3.5 log units and ours cover 
?- 16 seems possible that had they extended the luminance range 
9f their аж нны their data ши no longer have fitted the log- 
~E law. Also, the delays caleulated by the usual method from Rock 
“md Fox's data are very small: at 2.7 ftL. their delay was 4 msec. 
n. our 10 msec.) and at 0.06 ftL. their delay was 10 msec. (vs. our 
hs ™sec.). None of their delays was longer than 10 msec. (vs. our 
?Ximum delay of 100 msec.) This discrepancy leads us to suppose 
“185 delay due to luminance differences is not the only important 
een on the stereo effect which they measured and ~ our d 
fc of the usual conversion to their results may not be Ju 


with ours. They give 


ви i is worth noting that physiological preparations show zetia) 
encies which vary inversely with illumination and that а power 


mation can be fitted to such data. The data given by Adrian and 
atthews? for retinal delay in the eel fit a power function: 


T A 4 А 
drian and Matthews, op. cit., 292, Fis. 8. 
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D=al-* — 5.9 msec. p< 01. 4 
The constant a; is undetermined since Adrian and Matthews wo» 
arbitrary light units. This equation results in a better. fit Cg = 
reciprocal curve which they give as a first approximation. A : i 
published by Hartline for optic-nerve delay in the frog yields 48 
which also fit a power function: 

D = a4I755 + 250 msec. p< .01. . 7" 
Again the constant, аз, is undetermined. The 250 msec. obtained ei 
D, is large, but Hartline was measuring optic-nerve delay, P 
retinal delay. Adrian and Matthews had allowed 60-90 msec. js 
retinal-to-nerve delay, and if this were replaced in the data iin 
two equations would be more nearly comparable. However, dit- 
comparison should not be pressed too far. The data come from ily 
ferent species, and the retinal latencies measured physioludos у 
Were very much greater than the subject ere me 
ured psychophysically in the present stu 


5 Hartline, loc, cit, 


ive delays which w 
dy. 


LIGHTNESS AND ORIENTATION 
By Jacos Вкск, University of Oregon 


Studies of lightness perception have shown that perceived light- 
ness may be affected by the apparent position of a surface. It 
has been further suggested that a variation in luminance may be 
Seen as a shadow (a difference in the illumination of a surface) 
red 88 а gray spot (a difference in the lightness of a surface) consis- 

nt in each case with the apparent position of the surface.? The 
Present paper was based on an observation which provides further 
information about, the way in which the orientation of a surface 
may affect perceived lightness. The informal observation was that 
When one looked at identical photographs of a young girl in her 
eis suit, the shadowed chest area between the girl's chin and 
Mur appeared darker in the inverted photograph than in the up- 
ight photograph (Fig. 1; note, however, that because of reduction 
«nd distortions occurring in printing, this effect may not be clear in 
a reproduced photographs). Six experiments were undertaken to 
Xamine the conditions which affect this judgment. 


Мєтнор 

The 
Matche 
Mcheg 
Spondi 
Was li 


general procedure was the same in each experiment. Two carefully 


d photographs, one upright and one inverted, were mounted three 
Apart on black cardboard. The Os were asked to judge whether corre- 
Dg areas in the photographs were equal in lightness, or whether one area 
ere Ehter or darker than the other. The Os were told that the photographs 
test b is as equal as possible and that the purpose of the experiment was to 
Unifo ne accuracy of the photographic reproductions. The po 
Шашы? illuminated by a fluorescent lamp on the ceiling behind 0. ын а 
ЭРЧ улны of the photographs was 31 ftc. To insure that no bias was 1n ^» 

by a particular photograph, the targets were inverted for alternate Os, 


ecember 30, 1968. The research reported was 


* 
ded by л en 5285 to the University 


р . 
of а by National Science Foundation Grant GB- 


rimental Psychology, 1959, 444; 


49-63; 
а. Color contrast and color constancy. J. exp. Psychol., 18, xd ha 


» The Analysis of Sensations, 1959, 209: J. E. Hochberg an K 

Р шэг spatial шон and perceived brightness, J. exp. T Же, 

J. exp Р 266: J. Beck, Apparent spatial location and the perception о 5 
2 Bec} УсЛОГ, 69, 1965, 170-179 
eck, loc. cit.” , 1 
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, 279, 
Fic. 1. A PHOTOGRAPH ғпом R. M. Evans, Eye, Film, and Camera, 1959, Р 
AND AN IDENTICAL INVERTED 


h for 

80 that the photograph upright for one O became the inverted pes d 

the next O. Both photographs were 6.5 X 8 cm. New Os served in eac 

ment, which 
In Experiment 1, the Os were seated 90 cm. from the photographs, three 

were set upright on a table. They were asked to judge in turn whetne i 


) | т their 
pointed to by F in a different irregular order for each О. Following 


judgments of lightness, the Os were asked whether the space ойл е 
peared equal іп the two photographs or whe 


er halter and included the hok clude 
nd right, the photographs just meit Ё 
1 aphs were mounted as in Experi 90 ст. 
Pright and inverted photographs from a distance эй shad- 
are two areas of the photographs: (a) t 


: Е of the 
cnn and the halter, and (b) the white un i 


Е ас! 
те asked to compare the ee ining 
chest in the two photographs. The 
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Procedure and arrangement were identical with those of Experiment I. Twenty 
Os served in the experiment. 

In Experiment IV, the photographs were cropped so that only the shadowed 
area between the chin and halter was visible. The two targets were again 
Mounted upright and inverted. The Os viewed the targets from a distance of 
90 cm. The Os were asked to judge the lightness of the shadowed areas. 

Wenty Os served in the experiment. 

In Experiment V, the same photographs were used as in Experiment I. The 
observation distance was 90 cm. The Os were asked to judge the lightness of 

© shadowed area between the chin and halter. They were also asked to сош- 
Pare the perceived space between the child’s chin and chest in the two photo- 
Барі. Each 0, however, viewed the photographs from two different posl- 
tons: (a) with his head upright, as in Experiment I, and (b) with his head 
inverted, O looking between his feet at the photographs. The order of the two 
Positions from which Os viewed the photographs was alternated. Twenty-five 

3 Served in the experiment. 
sl In Experiment VI, the cropped photographs used in Exper 

lowing only the shadows) were again the targets. The Os viewed the targets 
a their heads inverted, as in Experiment V. They were asked to judge the 
ightness of the two shadowed areas. Twenty Os served in the experiment. 


riment IV (those 


RESULTS 


Table I presents the results of the six experiments. The numbers 
ч lighter, darker, and same judgments of the corresponding areas 1n 

VPE Photographs are shown in terms of the upright photograph. 

xcept for one condition of Experiment V and in Experiment VI, 
When the Os viewed the photographs with heads inverted, the up- 
night photograph was also upright with respect to an O's Low 
s, the two excepted instances, the upright photograph was inverte 
With Tespect to an O's eyes anil the inverted photograph was up- 


"ght With respect to ап ОЗ eyes 
тека indionte that n Experiments I, П and III, the chest 
Ta Was judged lighter a significantly greater number ge 
: Cn the photograph was presented upright than when 5 Е 
Tesented inverted. For example, in Experiment I, 16 of the 5 
fe Saw the chest area of the upright photograph as шинэ ved з 
а W it as darker, and three Os saw the lightness of the WO | ёс 
| ks Same. Increasing the distance of observation in y ce pedit 
ag E not markedly reduce the tendency to see the 2 a 
ey 1 {ег when the photograph was upright. Experimen i eid Е 
а, showed that when all information was eliminated and t diga d 
t еа of the shadow alone remained, there was no tendeno эээ 
tra Shadowed area as lighter or darker depending on шэн 
ш: Orientation, In Experiment V, the results confirme 
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of Experiment I when the Os viewed the photographs with their 
heads upright. When the Os viewed the photographs with their 
heads inverted, however, the inverted picture, which was thus up- 
right with respect to their eyes, tended to be seen as lighter. A 
Sign test of the difference in the number of Os who reported the 
chest area of the upright photograph as lighter when their heads 
Were upright (18) compared to when their heads were inverted (3) 
Was significant at the .01 level. Thus, the orientation of the shadow 
Sradient with respect to the eye was a more important factor in 
determining the perception of lightness than was the orientation 
of the shadow gradient with respect to the actually upright or in- 
verted position of the photograph. Experiment VI confirmed the re- 
Sults of Experiment IV: when only the shadowed area was pre- 
sented, there was no systematic tendency to see either the upright 
r inverted photograph as lighter. | 
1 able II presents the Os’ judgments of depth. In Experiments 
А п and III, greater depth was seen when the photograph Wes 
upright than when it was inverted. For example, in Experiment I, 
of the 20 Os reported that the inverted photograph appeared 
9 be flatter, and three Os reported that the space between the 
= and the chest in the two appeared to be the same. In ead 
Whe V, the results were similar when an O's head ын к аре 
se» 5 ап 0% head was upside down, however, greater dep 4 4 
ееп in the photograph that was inverted and thus oriented nor 
Nally with respect to 058 head and eyes. Table 11 shows that 
En tests of the differences in the numbers of Os who rayne 
бии depth when the photograph was upright compared ү ^1 
Photograph was inverted with respect to 058 eyes were sign 


са 
nt at the 01 level in all experiments. 


8 


Discussion | : 
a Те results indicate that the child's chest was perceived * 
"ter gray when the photograph was upright with respec 


TABLE II 
DEPTH JUDGMENTS 
Upright deeper Upright flatter Same 


р 3 
Experiment I 17 5 3 
pxberiment IT 15* | 5 
Бу Periment III 14* 

hen ment V ” 2 8 
ad upright 15 10 
Head ДОРНЫН 25 13 


"n 
< 501 (two-tailed test). 
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А eater 

O’s eyes than when the photograp h сөн шээг the 
depth was perceived between the child’s chin and " < the same 
photograph was upright with respect to Оз hus ck lightness 
luminance relationships evoked different perceptions o cerns the 
and orientation, the question raised by these results 4 orientation 
way in which the perception of relative lightness and o 
in the two photographs was modified by central factors. — Á 

Careful observation of the photographs suggests an e's up- 
difference between the upright and inverted positions. pu ihe 
right position the photograph of the child looks imc of the 
photograph is turned upside down, there is a disorganizati the face 
percept. For example, the pattern of light and shade on be seen 
is no longer seen as belonging to one surface but tends to eporte 
25 separate areas unrelated to each other. Many Os also a much 
that the dark area at the base of the child’s neck eee ie their 
clearer when the Photograph was inverted with зарж black 
eyes than when it was upright. In the upright position this hoto- 
band was indistinct and О had to look for it. When the Lam 
graph was inverted, the black band was prominent and e 
at once, distribu- 

An earlier Study suggested that when a target reflects a depends 
tion of luminances, the perceived lightness of a surface 


2 и 1611 (11688 
upon a prior decision as to whether a surface is of a single lig 
or not: if the 


the surface is of 


| | s dif- 
to a varying luminance pattern with deviations perceived 8 


у NU e de- 
ferences in Orientation and ilumination of the surface; if th 
Cision is that the s 


ing luminance patt lumin- 
Same paper further indicated that the lightness fitted to a 


surface is made consis 
of the surface. 


A similar explanation may be 


3 Beck, loc. cit. 
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When the photograph is upright one tends to see the chest and 
face of the child as single surfaces of a specific lightness. Variations 
of luminance are then seen as shadows and highlights. For example, 
One sees areas of the child’s face which are illuminated and areas 
Which are shadowed due to differences in the orientation of these 
areas to the light source. When the photograph is inverted with 
Tespect to one’s eyes, the relatedness of the areas changes. The 
Photograph is seen as made up of separate areas and the image 
Appears more flat; as separate areas, the variations of luminance 
are seen as differences in lightness. The figural organization of the 
Pattern may also exert a selective effect which emphasizes some 
Part or aspect of the percept; e.g. the band at the base of the neck 
18 clearer when the photograph is seen as & surface made up of 
multiple lightnesses than when it is seen as a surface with а single 
ightness, Thus, the difference between judgments of the upright 
and inverted photographs is not a simple response to the informa- 
Po in the photographs. Both are clearly pictures of a child, and 
8 most likely hypothesis about the darkened area 15 that it is a 
+ 8dow due to the orientation of the child's body with respect toa 
ight Source. Perception, however, depends on highly specific infor- 
ы such as the orientation of the stimulus with к E 
S i i ightness variati 2 
Durs ^s the photograph is ande E ned ibo canta di the 
Photograph ав surfaces of a single lightness varying in orientation 
“nd illumination. When the photograph is inverted, this schema 1s 
бы Evoked and the areas are seen as separate and differing in re- 
Ctance, | . 
It is also important to consider the fact that the difference in 
*rientation only slightly modifies the lightness quality. The ap- 
Parent Position of a surface often produces clear differences in per- 
“яйш lightness.5 Photography, however, is not a favorable 
8 Ч representing differences in illumination. Because of аар ы 
mulation indicating that the image is flat and because o ts 
Presence of white borders on a photograph, there is а strong "ot 
10у for every variation in luminance to evoke the dp ceci 
ме Shadows and highlights in а photograph are, aia 
"nari Seen as differences in gray rather than as differences 


Y evoke a schema which 


4 5 ‚п which the in- 
hon te effect may also depend on inhomogeneity. A print In W ге variable 


0 дүе шог 
Tesulte City in the shadowed chest area was reduced g 


See n 
8 31. 
R.M. Evans, Eye, Film, and Camera, 1959, 162-167. 
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illumination. Thus, differences in organization which would ordi- 
narily give large lightness differences give only slight differences m 
photographs. The importance of the present demonstration 1s that 
the changes in lightness, though slight, provide further informa- 
tion about how central processes determine perception of lightness. 


SUMMARY 

When a photograph was upright with respect to an O's eyes, 8n 
area of reduced luminance on the photograph was perceived to be 
lighter than when the photograph was inverted. To explain ш 
results, it was proposed that variations of luminance are analyze 
differently depending upon a prior decision as to whether the sur 
face is of a single lightness or not. If the cue properties of stimuli 
lead to the decision that the surface is of a uniform lightness, © 
single lightness is fitted to a varying luminance pattern with ын 
Viations perceived ав differences in orientation and illumination 0 
the surface. If the decision is that the surface consists of multiple 


lightnesses, the varying luminance pattern then determines differ- 
ing lightnesses, 


HOW IMPLICATION IS UNDERSTOOD 


By P. ЫН Jounson-Lairp and Joanna TAGART, 
University College London, England 


Conditi 
to ee sentences of the form “if p then q” are often difficult 
clearly "ii Ж цэнгэн of logic well know. The conditional is 
and false ил ыг oth antecedent (p) and consequent (q) are true, 
what men пе antecedent is true but the consequent false. But 
ogicians, ет should be assigned when the antecedent is false? 
values of tse ng with a propositional calculus that permits only 
In this case—re ыг falsity, stipulate that the implication is true 
ever, it scem p less of the truth-value of the consequent. How- 
justice to this 8 that the conditional sentence might fail to do 
бий of material implication. 
oth children sentences have been found to present difficulties to 
tend to ra and adults. Matalon and Peel suggest that children 
only if p oo conditional as a material equivalence (“if and 
ave the 225 2 ), which is true when antecedent and consequent 
Wason, "ечен арилан and false when their values are different. 
in а truth-f ver, argues that adults do not treat the conditional 
When its a оне manner: they consider it to be irrelevant 
з rainin п ipia is false? For example, when someone says, “if 
te nor ren ! v I'm going to the cinema," the statement is neither 
layman is m 45 merely irrelevant if in fact it is not raining. The 
it is not raj Ын ikely to consider the statement to be true just because 
about, thi ining. Indeed, logicians have long recognized, and argued 
» this way of interpreting conditional sentences.? 


e : 
question naturally arises as to the extent to which the inter- 


" 
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t ecely, ы 
ude to Ээ? publication Augu 


Wason for his ac 


st 20, 1968. The authors express their grati- 
Ivice and encouragement, and for a critical 


rendi 
Ing 
1 of an earli i i 
arlier version of this рарег 
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cho} sti ^lhod for investigating children's understanding of certain logical 
i Brit. J. math. statist. Psy- 
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its ex- 
pretation of implication is influenced by the тербе iis 
pression. The present experiment was designed to 
effect of statements of these types: 
1. If p then q. 
2. There isn’t p, if there isn’t q. 
3. Either there isn’t P, or there is ч (ог both). 
4. There is never P without there eing q. | T 
To the logician, these Sentences may be interpreted as pies 
i : Wason’s hypothesis, however, bs any 
pected that Sentence l would be considered pisces which 
situation that falsified its antecedent. Similarly, Sentence Аит. 
i apositive “if not q, then not pr w Бай 
t when its antecedent is false, i.e. s p 
and 4 were not conditionals: ма үс 
and it was predicted that they om ail 
aterial implication and elicit fewer | ЯВ 
will be noted that Sentence 3 а 
to suggest exclusive disjunction bu licit 
the presence of or both, which is an exp e 
sjunction. The predicted classifications 


this 18 countermanded by 
statement of inclusive di 
summarized in Table I. 
There are а number of wa 
may be falsified, F 
letter A,” which w. 


ys in which an antecedent or consequent 
or example, an antecedent like “if ore 
ав used in the present experiment, can be fa d: of 
by the occurrence of a letter B, or of a geometrical дара stile 
nothing whatsoever, Logically, these would be equivalent fa ый 
tions; Psychologically, they might not be equivalent. This poin 


examined by using a suitable selection of stimuli. 
TABLE I 
Рверістер CLASSIFICATIONS ОР THE Four Typrs or SENTENCE 
Situation 
Sentence type ра pq ра pa 
1, If p then q, T F ? : 
2. Not-p if not-q. ? F ? n 
- Not-p ога, T F т Т 
4. Never p without q. E F T T 


notes 
Note: T, F, and ?, Tespectively, denote judgme 
not-p, 


‚р de 
nts of truth, falsity, and irrelevance; р 


Рр, Strawson, Introducti 
A. Naess, L'emploi de la disj 


iste- 
lle, 1962, 
mologie genetique: XVI, Implication, formalisation et logique natur 
151-158. 


HOW IMPLICATION IS UNDERSTOOD 369 


METHOD 


Each 8 was sho " 
S'a task was to 2 of stimuli and a sentence referring to them. The 
cated that the sent ch stimulus in turn and to decide whether it indi- 
the sentence. Ss mere ‘was true or false, or was irrelevant to the truth-value of 
four different 22 ед ав their own controls and performed the task with the 
the sentences ҳу ences expressing implication. The order of presentation f 
sna tice. as counterbalanced over Ss: each of the 41 possible orders en 

aterials. 
eg. (1) If енн presented were variations of the four basic types: 
im’t an A on the] A A on the left, then there is a 7 on the right. (2) There 
on the left, or tl eft, if there isn’t a 7 on the right. (3) Either there isn’t an A 
the left witho “үлэ a a7 on the right (or both). (4) There is never an A on 
the numbers rl being а 7 on the right. In order to reduce residual effects, 
arrays of stimuli etters in each sentence that S received, and the corresponding 
ing different ud were different. There were four such sets of material, involv- 
Pendently count "s and numbers, and their order of presentation was inde- 
tents) were t E alanced over the Ss. The 16 sentences (4 types X 4 con- 

Each set em in capital letters on separate 6 X 2 in. cards. 
two halver: Б stimuli consisted of 16 4 x 2 in. cards which were divided into 
(either ibe ki a heavy ink line. On the left of the line there was & letter 
cal shape а, mentioned in the sentence or one other letter), ога geometri- 
(cither the dine whatsoever; on the right of the line there was а number 
metrical sha пе mentioned in the sentence or one other number), or the geo- 
structed wd or nothing whatsoever. Four such sets of stimuli were con- 

cad ifferent numbers, letters, and shapes. 
€. The first set of stimuli was spread ou 


^), he must not assum 
When 8 understood what he had to 


shuffled. S was told that he was 
Priate pil ch card being placed in an appro- 

te pile, and that he would be timed. 8 was timed from the moment that he 
ted the classification of the stimuli. 
t the classification. The subsequent 


е sen 5 
tence remained on view throughou 
ept that the initial display of 


classificati 
ы Шаш ations followed the same procedure exe 
Buble 28 omitted. 
hiversity Twenty-four Ss were indivi 
у College London, and native spe 


dually tested. They were all students at 


akers of English. 


RESULTS 
e crucial in evaluating the 
f the form «jf there's an 
AS, B7, and B8, i.e. 


Th 
results were four stimuli which wer 
бам They consisted, for a sentence 0 
- then there's a 7 . . +7” of the items А7, 


Pq, рс = 
(екы Ba, and ро, Table П sho 
imuli, and the frequencies with which they occurred: for 
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more than twice throughout the whole experiment. There were 28 
different types of classification altogether, 6 common and 22 mis- 
cellaneous ones, out of a total of 81 possible classifications. 

The most frequent classification, for Sentences 1, 2, and ду жаз 
the predicted one; and the actual frequencies were all significant 
(p < .01), assuming independent classifications, on binomial tests 
based conservatively upon the actual number of different types of 
classification for each sentence, Contrary to expectation, Sentence 
4 tended to be classified in the same way as Sentence 1. Fifteen Ss 
produced the same classification for these two sentences, whereas 
there were only four other occasions when an S produced the Bas 
classification for two sentences. The chance probability of obtaining 
the same classification for Sentences 1 and 4, with 2 and 3 being 
different and different from one another, is conservatively 1/28. 
Clearly, the Similarity of the classifications of Sentences 1 and 4 
was not due to chance. i 

The mean number of ‘irrelevant’ judgments of the 16 stimuli 
and the mean classification times are given in Table III. The 
difference between the sentences of the number of ‘irrelevant 
judgments was significant on a Friedman analysis of variance 
(х. = 323, p < 001). Sentences 1 and 4 tended to elicit ‘irrele- 
vant’ judgments when their antecedents were false, and this was 
also the case to a lesser extent for Sentence 2. There was no tendency 
ш any condition for ‘irrelevant? judgments to increase when falsifica- 
geometrical shape or a ‘blank’ rather than to à 
- On this point the Ss’ rationality was vindicated. 

n times for the four sentences were also signif- 
n a Friedman analysis of variance (x? = 34.5, 


TABLE II 
Chasstrications ОР тне Four Crucran STIMULI AND CLASSIFICATION 
REQUENCIES ОЕ OCCURRENCE FOR Блсн Type or SENTENCE 
Stimuli Sentence type 
- | ( 1 
атаа 1 9 g & T6 
Common classifications T E4 у 19 1 14 25 
T F T T 1183 5 
7 Е? T 5 6 
F FTT 2 4 3 
a z T 3 1 2 1 3 
Miscellaneous classifications "OW T 4 i 10 6 92 
Totals ын 


24 94 24 24 " 
ч! 

Note: Мі iBest: "e Р roughe 
the whole eee Slsssifcations are ‘hose whieh did not occur more than twice th 
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TABLE Ш 


Mean N F V ND MEAN 
AD UMBER OF ‘ ? 

: i Ч RRELEVANT JUDGMENTS AN M 
CLASSIFICATION TiMES For EACH Type or SENTENCE 


Sentence type 


PE 1 2 3 4 
ai t’ judgment 
Classification eee tia sec.) 10,2 Ч 18 82 


P < 001). А 

“эн E there was a significant learning effect for 

iter pria e (p « .008, Jonckheere group test for predicted 
, there was no such effect for logical accuracy. 


Discussion 


This experi 
eee bie showed that the way in which implication is 
denote. When de Lig influence upon what it is understood to 
ог "not, p if Wee ye in the form of a conditional “if p then q” 
functional ma о а it was, as predicted, treated in а non-truth- 
stimuli falsif аа Unexpectedly, the same interpretation—in which 
elicted by ü Tus the antecedent were regarded as irrelevant—was 
if is ros he sentence “there is never p without q." Hence, the term 
terpretatior means necessary to elicit the non-truth-funetional in- 
9f these e and in the absence of an account of the semantics 
ilarily, it "— such necessary conditions remain obscure. Sim- 
marker а зев likely that if cannot be taken as an unequivocal 
p only о? antecedent of conditional: a sentence of the form 
lien 47 di 1 2 likely to receive the same interpretation as “if p 
due to t] 9 what extent is the non-truth-funetional interpretation 
Sichere implicit invitation to classify stimuli as irrelevant? 
to Ба ai the disjunctive sentence suggests that Ss were able 
the шан: irrelevant’ category, and it js plausible to assume that 
" Mrs LR did reflect the spontaneous interpretations of 
ent of the s. Likewise, it seems improbable that the specific con- 
sentences and stimuli should have exerted any major 


distorting ; 
м анна upon performance. 

cation oe. he which was most often cl 
isjunction o disjunction. This was never 
Was the fo , but an interesting error proved most 
of Ss юэ. of the phrase “either there isn’t p-- 
simple pro uced a truth-functional classification approp. 
ë Le ui ы "not p" (sce Table 1). 
ner in which the conditionals W 


assified as material impli- 
treated as exclusive 
persistent. Such 
2 that a number 
riate to the 


ere interpreted, considered 
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| Peel? raises 
in conjunction with the findings of сас development. 
rtain difficulties for Piaget’s account of te expressions 
P endalesient children tend to treat conditionals i a eee 
н material equivalence; adolescents at the leve dal implica- 
бол! operations treat them as expressions 7 зэр! ‘led to treat 
tion; yet, undergraduates in the present uie DM believes 
them as any sort of truth-functional connective. Е expressing 
that an individual tests a putative causal relation j^ counter- 
it in the form “if p then q” and then ee ШР 7 But adults 
example, formed by negating the material ip geet impli- 
evidently do not readily interpret “if p then q” as ша et's posi- 
cation. Even if they did, further doubt is cast upon е 
tion by an unpublished experiment by Wason and Jo = values 
in which subjects were presented with four ecards beari «Жэн of 
of р, p, а, and q. They were told that every card = нб asked 
p or p on one side, and Ч or q on the other side; and they v r to test 
to choose those cards Which it was necessary to turn ove was, in- 
whether a given conditional Tule was true or false. Зэрэг which 
deed, a consistent tendency for subjects to choose the a zia the 
fulfilled the antecedent: p in the case of “if p then q, 2. сой to 
case of “if not q then not р.” However, subjects were 7 in the 
choose those cards which falsified the consequent, especia Ён най 
case of “if p then q.” Yet such cards are a required sec i non- 
reasonable interpretation of the conditional, including even 
truth-functional interpretation of the present experiment. — 
Such a result makes a stark contrast with Piaget's vie hildren 
with the findings of Stewart and Hill that adults and с there- 
correctly evaluate inferences of the form “if p then q; not q, holog- 
fore not p.”8 Tt would seem therefore that there are crucial pe ating 
ical differences between making inferences and merely arp 
them. Not only do Ss fail to make the inference in the card-tu 


: mber 

test, but their failure, as Wason has shown, is resistant to a пч 

of "therapeutic? procedures.? d in the 
Finally, we may ask how implication is best expresse 

5 Matalon, loc. cit, ; Peel, loc. cit, ology, 
60 181, Beth and J, Piaget, Mathematical Epistemology and Psyc 

1966, 181. 


5 D. K. Stewart, Communication а 3 eporte! 
validity patterns, J. gen, »0*« 64, 1961, 297-305; S. Hill's findings ан, in 
by P. Suppes, On the b indations of mathematical с 007. 
І. N. Morrisett and J. Vi 


(eds.), Mathematical learning, 
Soc. Res. Child Dev., 30, 1965 (No. 1), 60-96 
9 


. C. Wason, Reaso 
273-281. 
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English language. There is no readily available answer to this 
question: we are faced with a dilemma. On the one hand, disjunction 
yields an implicational interpretation more often than the con- 
ditional sentences, but it takes longer to process and has a tendency 
to produce diverse and labile interpretations—a finding which has 
been recently confirmed.!? And such ambiguities are likely to be 
reflected in tasks involving the evaluation of inferences.!! On the 
other hand, performance with “if p then 4,” though faster and more 
stable, is not consistent with material implication. However, this 
departure from the logicians’ calculus has an unexpected advantage. 
It breaks the logical relation between the conditional and its contra- 
positive: they no longer imply one another. This does away with 
the paradoxes of material implication” and the paradoxes of con- 
firmation,!? at least for the conditionals of everyday language. 


SUMMARY 


Students classified stimuli according to whether they indicated 
elevant to the truth- 


that a sentence was true or false, or were irr t 
value of the sentence. Four different sentences were used, with 88 
acting as their own controls, and each sentence was logically equi- 
valent to a material implication. The results showed that disjunc- 
tion (“not-p ог q”) yielded the greatest number of classifications 
їп accordance with the truth-values of implication. The remaining 
Sentences (“if p then q,” "not-P if not-q,” “never P without Ч ) 
Were not classified in a truth-functional way: stimuli were judged 
irrelevant when they falsified the antecedents of these sentences. 
The results would seem to raise some difficulties for Piaget’s notion 
of the developmental level of formal operations. 


ёр, Р. С. Wason and P. N Johnson-Laird, Proving а disjunctive rule, Quart. J. 
- Psychol., 21, 1969, 14-20 E бан 
u P, N. Johnson-Lai ^ understanding logically complex sentences, Quart. 
б, exp. Р, илэг EE N. Johnson-Laird, Reasoning Wi ambigu- 
ча sentences, Brit. J. Psychol, 60, 1909, 17-28. 
15 Pawson, ор. cit., 88. А «on Mind, 54, 1945, 1-26, 
.LH "a in the logic of confirmation, ind, 54, 21 
orig; 1. Hempel, Studion in the EE oy Scientific Bxplanation, 1905, 346 


FORECASTING EVENT CYCLES: 
A LABORATORY PARADIGM 


By Тновхтох В. Rosy, Tufts University 


The recognition of recurrent sequences of natural events Les 
important part of man's adjustment to his environment. In simple 
economies, hunting, agriculture, and husbandry are meshed directly 
with seasonal and biological cycles, As societies become more com- 
plex, the behavior of each individual must be synchronized, in some 
degree, with regularities in the activity of his associates, so that 
there are many distinct cycles to keep track of and respond to. 
Moreover, the recurrence of event Sequences is rarely exact. Sun- 
rise and sunset occur at different. times depending on the season 
biological cycles are modified hy exogenous factors such as weather, 
and the Secondary cycles of social activity are even more subject 
to change, Knowledge of differences among these variants may be 
ав vital for Successful adjustment as recognition of the cycles them- 
selves, sea 

The difficult conceptual problem of recognizing and memorizing 
natural cycles may, in principle, be mitigated in several ways: 
(1) Compounding. If a cycle consists of complex events, the ele- 
ments of that complex may undergo separate identifiable hae 
Which are simpler than the overall eyelie pattern. The prediction Ч 
tides or eclipses provides a clear example, Although the tempora 
pattern of behavior of all relevant celestial bodies is impossibly 
Intricate, Prediction can he achieved by putting together the simple 
cycles for the elements involved. the cycles of the sun, the ын 
and the earth. In fact, if several interacting events have cycles 0 
period p, P2, and р, Tespectively, the composite cycle generated by 
all of these will have a period hose magnitude 15 the least мни 
t periods, Assuming that the roc n 
Sequences increases very sharply with 
there is а considerable economy involve 


* Received for publication A 
Supported by Grant GS-1576 With the Хай i 0 lation. 4? 
S. d 1 National Se: Founds EI 
author is indebted to David Christainsen, Sire n Pr Donald ae 
or able assistance in the administration of the studies and analvsis of the da 0. 
1 А.Н. Hawley, Нитап Ecology: А Theory of Comm unity Structure, 1 
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in the : 

S redu idi da approach. (2) Cueing. If the natural process is 
lengths, telltal эь etal distinct cycles, or by cycles of different 
casion. ваа whisk бин ӨМНӨ any Of 
the subtle divesmaum Ч E ын isease, for example, may hinge on 
points. alema | " symptom sequences at certain critical 
cants, e.g. the vic ket experts depend on certain extramarket indi- 
Sese done age ie haie disposable capital, to differentiate be- 
Шош the м Similar market gyrations. (8) Supercycles. Even 
мэн el rec wie between successive event sequences is not 
itself follow mney be a relation between the suecessive cycles which 
ieee di pattern. Here again, the clearest example is 
Bons. al: the gradual change of the daily cycle with the sea- 
dues Malta aids to cyclic identification will rarely be as 
much the s these selected examples suggest, nor is it known how 
stances um may be appreciated and used under natural circum- 
cycle S purpose of this study was to translate the problem of 
fos хос into a laboratory context, to develop а paradigm 
cyclic tos еар the ability of naive human Ss to detect cycles and 
15 эн. are and to explore the effects of the potential aids 
"t m lon listed above as well as obvious quantitative param- 
highly a complexity of the problem dictates that it be studied in 
anticipat шаш form, and it has been here cast in the guise of an 

atory learning study with certain necessary modifications. 


METHOD 

rial-learning studies, was one of pre- 
he chief departure from the standard 
ecasions, i.e. that the same 


t to learn the several orders well 


сев; 
were given, he could decide 


Siye 1 lá 
trials. The S's task, then, was to attemp 


enou 

gh s ^ 

Which Нэн that when a few elements 10 & sequence 
quence was in effect and predict accordingly. A secondary modification 


o 4 
Хоног ИЛОН Огу 1ТЕ studies was that the sequences began at a dif- 
оп method i each time they were presented. This latter modification was based 
The t ological considerations rather than faithfulness to nature. 
about алы studies reported were conducted by different E assistants at 
Six-month intervals. Apart from certain details described below, the gen- 
ts and administration of the studies were uniform enough so that they 
мз ээн: аз амаа! replications. 
two-level “мин design. The experimen 
actors: (1) Compound vs. scra 


сап b 
e defined by four 


tal treatments wer 
The sequences 


mbled sequences. 


imila blem, see C. Sengstake, Per- 
ach to a similar pro lem fe A en 311. 


ү, 
or : я 
ception 8, quite different appro 
ve patterns, Ј. exp. Psychot., 7 


n T 
of deviations in repetiti 
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each consisted of 12 two-syllable items generated by three distinct initial CVCs 
and four distinct final CVCs. These items were used to make up two types of 
sequences as illustrated in Table I. The compound sequences were based on 
two joint cyclic progressions of the three-element initial set (BOP, ZAM, YAK) 
and the four-element terminal set (RIK, JIR, DAF, NEY). The former re- 
peated four times and the latter three times in the 12-element sequence. Four 
distinct compound cycles were constructed by factorial combinations of two 
cyclic orders for the initial and terminal sets. The scrambled sequences were 
based on the same set of 12 double CVCs, but arranged in random order. (2) 
Two vs. four sequences. In each experimental session there were 16 trials 
consisting of eight repetitions each of two distinct sequences, or four repeti- 
tions of four distinct sequences, All sequences, of course, consisted of the same 
12 two-syllable items, but in different order. (8) High vs. low transition 1e- 
dundancy. In the first two replications, a high-redundancy condition was ob- 
tained by repeating each sequence with a probability of 5; in the low-redun- 
dancy condition this probability was 25. In the third replication, the high тэс 
dundancy was further increased by changing the sequences in regular order; 
the low-redundancy transitions were completely random. (4) Cue vs. no-cue to 
Sequence at transition. Under the cue conditions, a card inserted between 
each pair of Sequences, i.e. at each sequence-transition point, provided a code 
letter for the forthcoming sequence, A blank card was inserted to indicate 
transition points in the no-cue conditions, " 
Procedure, In two replications, Ss were run two at a time for administrative 
economy; in another replication they were run individually. Other changes in 
ee ima motivated by an effort to increase the sensitivity of the design 
tion, ыы individual differences in task performance. In the first replica- 
liéation кеМ е тип in each of the 16 factorial conditions. In the second гэ 
the VM Ба Tun in two sessions: in the second session, S was n Бе 
Ве persie on each of the four main factors from the level in whic Ko 
ed on the first session.3 In the third replication, as in the first, 


TABLE I 
ILLUSTRATIVE Form or STIMULUS SEQUENCE 

Compound Scrambled 

1. BOP NEY Р ЛЕ 
2. ZAM RIK X ZAM NEY 
3. YAK JIR 3. YAK NEY 
4 BOP DAF 4. YAK JIR 
5. ZAM NEY 5. ZAM RIK 
dies б. YAK RIK 6. ВОР RIK 
BOP JIR Step 7. ТАМ ЛЕ 
8. ZAM DAF 8. YAK DAF 
19 УАК NEY 9. ВОР NEY 
1 ZAM ЛЕ 10. ZAM БАР 

P D 
12. YAK DAF i Bak RIK 


* Thus the S who was in th a 
"hus tl in the compound, two- igh-redundan” pd- 
condition in the first Session changed to “Ерэн хуар ш low-redung; 
econd session. This design provided an ae 
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her run in each factorial condition, but these Ss were also given & prelim- 
tra ied on & presumably comparable task, namely four successive learning 
with ae a set of 12 single CVCs repeated in the same order each time but 
first to Ea starting points. The twofold rationale of this warm-up task was 
vari stabilize performance (which it apparently did) and to provide & co- 

ariate (which it did not). 
wate ые given written instructions, and any questions were answered 
were ine one bearing on the basic construction of the sequences. The Ss 
IBM р мэн with a tray containing stacks of each double CVC printed on 
stack on з. The stimulus sequences were also presented by IBM cards in a 
ditio . A pink Sequence Change card (which contained the cue in the cue con- 
Se ns only) was presented first, then 12 cards of the sequence, then another 
8 oe Change card and a new sequence. Before turning each stimulus card, 
in i i his prediction by selecting a response card from his tray and placing it 
tion me facedown. After all 16 trials, the Ss were queried as to their recogni- 
Wie the Sequence construction, orally in the first two replications and on 8 
in questionnaire for the third. The stimulus and response cards were kept 

er as they were stacked and were later scored by a computer program. 

ШО 58 Were Tufts University undergraduates, men and women. In each of 
th ree studies Ss were paid at an hourly rate and offered а $5.00 bonus for 

е best performance. The administration, including instructions and the post- 


sessi “ирс 
ession questionnaire, lasted 1-1% hr. 


RESULTS 


Individual analyses of variance for each of the three replications 


yielded almost identical results. Accordingly, 8 consolidated analy- 


Sis, based on the treatment means for the three replications, is pre- 
f treatments was highly sig- 


sented as Table II. The overall effect o 

nificant, but this is attributable entirely to the Compound vs. 
Scrambled Sequence variable. The other three variables and their 
interactions failed to have а significant effect in this table and in 
the individual analyses. The mean proportion of correct responses 
Was .30 for the compound sequences and .15 for the scrambled se- 


ч : : 
quences; sheer chance is .083. 


TABLE II 
ANALYSIS OF VARIANCE : 
df MS 
Source 
Trentments 15 29.8 9m 
Twa pound vs. scrambled sequences і EUR ! 
High v four sequences mo 


‘a ев transition redunda D iid ! 
© - No-cue to sequence at transl ion 
Studied interactions 2 3 Е 


Onditions X Studies 30 69.1 
a 
EE < ло. 
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Turning to within-session changes in performance, (der an 
fects (increases in accuracy across the 12 steps in each vg Res 
trial effects (increases in accuracy across m Nike pete а 
tation) were significant for all three replications anc reed dae 
similar pattern. Consolidated analyses of variance ок гэн ed 
nificant linear effects for both the step and trial variab eh linear 
both cases there were also significant interactions between t - tee 
component and the Compound vs. Scrambled кр n 14] 
step effects, F [1, 10] — 6.68, p « 05; for the trial effects ees 
= 52.70, р < .01). Inspection of the corresponding means m м at 
that Ss in the compound conditions ‘caught on’ to the хээ sss 
about the third card in each trial, showing abruptly improved at 
formance at that point. Ss in the scrambled conditions e Ead 
steadily but slowly across the 12 steps. Similarly the a 
learning of Ss in the compound-sequence conditions was much n e 
rapid than of those Ss in the serambled-sequence conditions, rn- 
though there are no evident discontinuities in cither of these lea 
ing curves. 

As the results indicate that only the Compound vs. ноа 
variable Significantly affected performance, it is of interest to nie 
amine whether this effect depended on Ss’ awareness of the gen 
construction, Informa] questioning of Ss following the final 58 
quasi replications had indicated that there was very little er Y 
and inspection of the questionnaires for the third replication ын 
this out. By the most Senerous interpretation, only two or рэн 
the Ss in the compound-sequence conditions really ‘cracked ca 
Construction of the Sequences. No S mentioned use of the sequen 
redundancy or cue conditions, 


Discussion 1 
А 4 ЫН ИЙН 
On the evidence of this study, the regular or aroun aro in 
H . A j d QE 
construction of Sequences is overwhelmingly the major fac 


296 : ite 
determining how well they are learned and recognized. Despi 


. iti 8, 
the uniformly Negative results obtained in these task condition 
however, it is difficult to 


accept that cucing, regularity of е фене 
transition, and number of distinct Sequences would not affect эн" 
formance under other conditions, It is a plausible conjecture 5 
other variables would become operative if a generally improv 
level of performance were achieved, 
Among the modifications in 


, to 
procedure that might contribute 
this objective Would be, first, 


n 
: : th. 
a reduction in sequence leng 
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order to retain the method of compound-sequence structure em- 
ployed in the present study, this would entail the use of sequences 
of six items, with two and three elements in the component sets. 
However, the compound-scrambled distinction may be regarded 
as sufficiently well established so that this variable might be dropped 
altogether, permitting sequences of arbitrary length. A second 
Possibly facilitating modification would be to separate the sequence- 
learning and recognition stages, the question then being how 
quickly an 8 who had mastered several variants of a cycle could 
recognize and ‘lock in’ to the correct cycle. The cue condition in the 
Present studies was, of course, designed to differentiate between the 
cycle recognition and reproduction processes, but it did not do 80. 
One obvious way to strengthen the cue effect would be to associate 
а distinctive tag with each element in a cycle instead of inserting 
it between cycles. 

The reduetion of the effects of individual difference could be 
achieved most economically by having each S perform under more 
Conditions. The decision nót to attempt this in the present studies 
Was based not on design but on humanitarian considerations, as Ss 
found this a very taxing task. However, if the above suggestions for 
making the task easier were incorporated, and if the administra- 
tion were automated, it should be feasible to obtain more data per 


Among other modifications to broaden the base of generalization 
and to align the laboratory task more closely with the natural situ- 
ation, performance might be investigated under conditions in which 

aere is no marked ireak between cycles and in which there are 
varying numbers of successive items within a cycle before transi- 
‘on. Elements might be symbols instead of nonsense figures or, 
etter, might be primitive Hovents" as in the Michotte studies. Al- 
ough these changes would probably make the task more difficult, 
ey would also tend to make it more appealing. In any ease, the 
“Богцогу paradigm explored in these studies seems to offer a 
Point, of departure for investigating an extremely important class 


of 
uman conceptual activities. 


4 5 
Н.Е. Michotte, La perception de la causalite, 1946. 
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ESTIMATES OF LENGTH IN A MODIFIED 
MULLER-LYER FIGURE 


Fisher has recently suggested that a new insight can be gained 
into the causes of the Miiller-Lyer illusion by rejecting the tra- 
ditional emphasis upon the effects of ingoing and outgoing mer 
heads! Instead, he argues, the interaction between the two sides 
the figures should be examined, so that the larger of the we 
illusion figures is considered as a horizontal line bounded by is 
pairs of lines converging upon it, and the smaller figure as а гүн 
bounded by two pairs of lines converging away from it. The сүрлэн 
can then be accounted for on the principle that “horizontal lin : 
more closely adjacent to the locus of intersection of inclined pa 
appear to be increasingly longer than those which are pon 
further from it? This principle can be applied to a wide Ligen 
of "angle illusions" and has the advantage of revealing 8 alos 
connection between the Miiller-Lyer and Ponzo illusions. T 

Unfortunately, this elegant simplification is demonstrably are 
Fig. 1 shows the Miiller-Lyer figures with the “locus of cx. 
of inclined lines" (O) drawn by producing the lines AX, ne 

t is apparent from elementary geometry that the perpendicu n 
distanee (OC) of the horizontal line (AB) from O is constant 


Fio. 1. Méter-Lyer Fiours, зун THE Fin тнк POINT 
» в АХ, BY Propucep то 

or THEIR INTERSECTION WITH OC, тне PerrenpicuLar Вѕестов oF A 

* Received for publication J; ishes to 

Mr. A. J. Watson for helping to draw hic toons The author wis 

in Fig. 1; and Professor Q. L, Zangwi 
^ zo 

* G. H. Fisher, A common Principle relating to the Müller-Lyer and Po? 


illusions, this JOURNAL, 80, 1967, 626-63 
2 Fisher, op. cit., 629. "I 
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being equal in each figure to Tan Ө х AB/2, where Ө is half the 
angle included in the arrowhead. It is not the case, then, that the 
distance of the horizontal line from the locus of intersection of 
inclined lines differs between the two Müller-Lyer figures, and 
Fisher’s attempt to derive the illusion from the Ponzo is thus 4 
failure. 

It is possible that this objection arises from a misunderstanding 
of Fisher’s proposal; but a further argument may be raised against 
any form of hypothesis seeking to explain the Miiller-Lyer illusion 
by lateral interactions between the two arrowheads. The objection 
arises from an illusion (Fig. 2) much more obviously related to 
the Miiller-Lyer than is the Ponzo figure. In this illusion, mentioned 
in one of its forms by Kühler? expansion of the horizontal line 
Occurs in the region of the arrowhead with outgoing fins, just as it 
does in the Müller-Lyer figure, and the effect is to move the sub- 
Jective midpoint of the line away from the ingoing arrowhead. 
The objective midpoint (m) js thus seen 88 displaced towards the 
ingoing arrowhead. The illusion is extremely persuasive, but it is 
clear that no account of it can be given by Fisher’s hypothesis, for 
the pairs of lines on each side of the horizontal are neither con- 
Verging nor diverging; and even if they were, the resulting distortion 
should apply impartially to the line as 8 whole rather than to any 
Part of it. | | 

ЁС is also worth mentionin that this illusion raises considerable 
difficulties for ae hypothesis that the Müller-Lyer ын ин 
15 caused by misplaced constancy scaling^ The n " эг 
has two equally likely depth interpretations, 80 that the hor 


point OF THE 
Fro. 2. Moneo MüLLER-LYER Ficurs, WITH тнь М 


HoRIZONTAL Line AT M 


зү «a | 
ашп 1947, 170. | — 

. = Psychology, Н 1 ropriate cons! 

Nature, . Gregory, Distortion of visual space 88 іпарргор 


199, 1963, 679-680. 
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line can be considered as sloping away from the iesu gia 
the direction of the ingoing or of the outgoing er ame de] by 
latter case, the direction of the illusion is correctly genie to 
considerations of constancy scaling, but there is no үс могти 
suggest that the illusion reverses in direction when the a “ав 
depth interpretation is made by the observer. This, of cou йн aH 
not refute Gregory's theory, for he insists that the direction n 
ilusion has nothing to do with apparent depth. gm Бэ го 
logically possible to argue that the “primary scaling meg ү 
favors one of the two perspective interpretations, but this амин 
further support the claim of Humphrey and Morgan that a n rid 
appealing to a hidden constancy mechanism manifested only in 
illusions themselves is essentially untestable.5 ёл рата ЙЕ 
Some preliminary observations on the figure raise СТ” 
questions about the nature of subjective measurement. Ss ale line 
were instructed to make two marks on a ‘neutral’ horizontal the 
such that they saw the distance between them as equal to үет 
length of а 9-em. horizontal line hounded by ingoing and line 
going arrowheads as in Fig. 2. The objective midpoint of the fins 
Was not marked, and each arrowhead consisted of two 285-00, ын 
enclosing an angle of 45°. The ‘neutral’ line, 20 em. long, was м. 
on а separate sheet of paper placed either to the right or R 
of the illusion figure depending on whether S was right- т! line 
handed Tespectively; and was an extension of the horizonta 


| теӊ The 
in the illusion figure except for a gap of 4 em. between them. 
illusion figure itself 


going arrowhead on 
estimate in both con 
Paper. Ss were also 


t : го orien- 
n making separate judgments in the two e 8, 
re. Thus four judgments were made by e 


apparent effect of the orientation of the шэн 

upon judgments, 50 readings for the two orientations were ha 

for each S to obtain estimates of the subjective half and cos 

lengths of the line. Seven Ss turned out to make an overestima гав 

of the half length (average error — + .25 em.), and this effect s c 

significant at the 05 level (two-taileq Wilcoxon t test).9 This WO 
5N.K. Humphrey 


ions 
ic illusio” 
and M. J. Morge the geometrie 1 
Nature, 206, 1965, 744-745. она ре 


i " D 56, 75-83 
* 8. Siegel, Nonparametric Statistics for the Behavioral Sciences, 1956: 
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lead one to predict a large overestimation of the whole length, but 
in fact there was a nonsignificant effect in the direction of under- 
estimation (average error = —.24 cm.). The surprising result is 
thus that the whole is considerably less than the sum of its parts. 
If each S's estimate of the whole length is subtracted from twice 
the estimate of half length, eight Ss showed a positive discrepancy 
and only one a negative (average discrepancy = 72 em.). The 
Observed discrepancies had a probability of less than .01 (two- 
tailed) on the null hypothesis that the discrepancy between judged 
Whole length and twice the judged half length would be in no 
consistent direction (Wilcoxon Ё test). 

At first sight, the overestimation of half length may seem а 
direct consequence of the shift in subjective midpoint (Fig. 2), but 
in faet there is no logical connection between the phenomena. 
Consider the following fallacious argument. We know that the 
distance from the ingoing arrowhead to the subjective midpoint 
of the figure is objectively greater than the half length as measured 
by a ruler (Fig. 2). Ss copying this subjective half of the figure 
thus make an overtistimation. But by definition, the other subjective 
half of the figure is equal to this and is also overestimated. 
Whichever half of the figure Ss attempt to copy, then, they make 
an overestimation. The fallacy here consists first in assuming 
that a certain physical distance in the illusion figure 1s faithfully 
copied by S and then in ignoring this axiom when considering the 
objectively smaller half figure. If we had considered the latter first 
and used the same process of reasoning, the conclusion would have 


ееп reached that Ss underestimate the half length. All attempts 


О derive the overestimation of half length as а necessary Con- 


Sequence of the shift in subjective midpoint seem likely to fall into 

18 trap, | 

The main implication of these observations is that the judgment 
of the length of a bounded line is not related in any simple way to 
Judgment of a segment of that line. The circumstances 10 which this 
75 so may turn out to be either more general than our is 
an illusion figure might suggest, ОГ highly specific to the tes 35 
"onditions used in this investigation. In either case, the рош 


Made that the human observer is capable of working нае 
Scometry that he would undoubtedly repudiate if his atten is 
Were drawn to its axioms. The same point, incidently, so а 
wade by Fig. | Although AB is subjectively different n con 
"5 the two diagrams, there seems to be little difference ei 
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in © or in the length of CO; and this is obvious ma api 
Euclidean terms. Given that subjective geometry is paten a o 
Euclidean, a promising approach to the illusions would be sea 
vestigate the possibility of the existence of a set of axioms In 
these facts of perception no longer seem logically inconsistent. 


University of Cambridge, England M. J. МонсАх 


THE EFFECT OF Ж 
MONOCULAR AND BINOCULAR OBSERVATION O 
VISUAL ORIENTATION DURING HEAD TILT 


Experiments concerned with binocular judgments of the урш 
vertical in the absence of a visual surround have Gemonstrate à 
high degree of accuracy when the head is upright. However, а 
ferences occur between judgments made with the left and right gie 
Using the left eye the visua] vertical is displaced БОШОТО КӨ 
of the gravitational vertical, whereas clockwise displacements Ge 
Produced with the right eye. Schneider has demonstrated that le c- 
eye-dominant Os (as determined by a sighting test) perform мын b 
ularly as they do with the left eye only and that Sght-agei em 

S have a visual vertical similar for binocular and right-monocu Е 
Viewing3 Although this difference has been clearly shown tor р 
ticality judgments with the head upright, little investigation е 
been directed to the question of whether this difference is шаш 


*Dr. Wade, the auth 
versity, Melbourne, Ath E 


‚ W. Mann, N. H. Berthelot-B d Dauterive, The perception 
of the vertical: 1, Visual and поп лању ра Е. ын Lem. Psychol., 29 à oe, 
538-547; E. Nea » Visual localization of the vertical, this JOURNAL, ot НЫ е, 
Connell, В. С. , : J. Weintraub, and T. J. J. exp: 

a 7-ayshophysical error versus sensory-tonic theory, 


: ni- 
18 note, carried out the research at Monash U 


h icHale, Apparent verticali : Fundamental var 
of sensory-tonic theory reinvestigated, J. exp, E 1964, 550-554. der 
: Messend Untersuchungen über die Gegenrollung 
(кеп шш aie Lokalisation der schei i sei 
сез Kopfes, des Stammes und deg 8) . itteilung; , 
bis zu 40°, V. Graefes Arch. Ophthal Па pene): 1, М B О. Peirce 
БомерЧод of horizontal and vertica] lines, Science, 10, 1899, 425-430; rels- 
schneider, Monocular and binocular Perception of verticality and the 
tionship or ocular dominance, thi JouenaL, 79, 1966, 632-636. 
eider, loc. cit. ý 4 
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tained j med 

epi: отме during tilt. There is a suggestion from previous 

креп wa is may be the case. The purpose of the present 

cotidie: s to investigate visual orientation with left- and 

Гуни. лын E binocular observation in various head positions. 

ol fudements ilts was employed so that differences in the trend 
nts under the various viewing conditions could be tested. 


METHOD 


The a " 
and sn mM controlling head position consisted of side head clamps 
анале h ental composition bite board. These could be rotated to 
Бу ааг af ead tilt, the degree of which could be read to the nearest M? 
an абата Mee scale. The line of light (1.94 ftL.) corresponded to 
ousing, 183 em : — long and 0.9 mm. wide) in an otherwise lighttight lamp 
with its center i cud O's eyes. The line could be rotated frontoparallel to O 
tion of the lin n the median plane and adjustable to eye level. The orienta- 
either ЪулО, е, which could be read to the nearest 0.1°, could be controlled 
The ые: using а knob connected to a mechanical drive system, or by Ё. 
Thirty O us was situated in a dark room. 
Were ami us an introductory course in р: 
and Mun randomly to one of three groups 
cular observation), 10 Os in each group. First, O made 10 adjust- 


ments " 
i of the line to the visual vertical with head upright from starting posi- 
d counterclockwise, presented 


made from head tilts 


sychology participated. They 
(left- and right-monocular 


m rand, 

of 109 e order. Then, visual-vertical judgments were 
» 20°, 30°, and 40° left and right from starting positions of 15° and 30° 

head was returned to the upright after 


ted in random order. Finally, 

i following the 
e O's head tilt. Throughout the experiment 
times, eye(s) were open only during 2n adjustment ап 


RESULTS 


T : 
he data for the visual vertical with head upright were analyzed 


ве 
n “зэм The influences of starting position and block order were 
isual vertical for each 


ot sion: 
oe (p > .05), and therefore the v 
visual averaged over these. Denoting clockwise deviations of the 
from the gravitational vertical as + and counterclockwise 


as — 

P. group means were —1.50? for the left eye, холо” for the 
Yield Vk and +0.35° for both eyes. A one-way analysis of variance 
(pe 8. significant effect for the different observation conditions 
Were 001). Post hoc tests for the differences between the means 
carried out using the Ё technique.’ The visual vertical with 


4 Fis 
"R cher, loc. cit.: Peirce, loc. cit. 

errors 8: Rodger, 7nt irce, loc. Ce tistics, 1905, 41-51; R, S. Rodger, Type I 

and their ecu ens Brit. ^J. math. stat. Psychol, 20, 1967, 51-62. 
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the left eye differed significantly from that with the коз 
(р < 01), and the algebraic mean of the left- and right-ey нты 
ditions was significantly different from the binocular сопа 
05). | 
we nel vertical was averaged over starting positions for A 
tilt, and these values are given in Fig. 1 for all ойну тн” 
ditions. The trends for judgments over head tilts were analy 
by Grant’s model? The means for the head-upright condition y 
included in this analysis. For the three curves taken together , "o 
significant trend components were linear (p < .001), qum 
(p < .05), and cubice (р < .001). However, there were no n 
cant differences between the overall means or the trends for 
three observation conditions (p > .05). 


Discussion : 

Visual-verticality judgments made with the head upright ee 
Significantly affected by the eye(s) used for viewing the line и 
light. Judgments with the left eye were counterclockwise of цан 
with the right eye. This result is in aecord with the findings e 
both Peirce and Schneider.? The difference between the left- jo 
right-monoeular judgments was 1.9?, whereas in Schneider’s ex- 


= —-aLEFT EYE 
+6 * $-—--9 RIGHT EYE 


4———4 BOTH EYES 


VERTICAL (degrees) 
* 
N 


VISUAL 


740 -30 -20 -10 O +10 420 +30 +40 


HEAD TILT (degrees) 


oF 
IONS 
CTION or Heap Тил unper CONDIT 
ULAR AND BINOCULAR OBSERVATION 


Fia. 1. Visvan VERTICAL AS А Fun 
LEFT- AND Ricut-Moxoc 


eD. A. Grant, Analysis-of-variance tests and the analysis and compa"! 
of curves, Psychol. Bull., 53, 1956, 141-154. i 
7 Peirce, loc. cit.; Schneider, loc. cit. 
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periment it was approximately 1.5° (when the different groups are 
compared). The binocular observation group performed similarly 
b those using the right eye only, and the mean for the former 
differed significantly from the average of the left- and right- 
monocular conditions. In view of Schneider’s result concerning 
ocular dominance, it is possible that the binocular group contained 
mainly right-eye-dominant Os. 

, During head tilt the visual vertieal was located on the opposite 
Side of the gravitational vertical to tilt. This is referred to as the 
E effect, and its converse is called the A effect.’ The E effect oc- 
curred for all tilts under all viewing conditions; it increased up to 
30? and then tended to level off. For all conditions taken together, 
the trend was expressed in terms of the linear, quadratic, and cubic 
Components, the linear and cubic accounting for most of the 
variance. The mean E effect for the right-eye observation group 
Was greater than that for the left-eye group, and both were greater 
than the E effect with binocular observation at large tilt angles 
(30° and 40°). However, due to the large individual differences m 
this task, the differences between the trends for the various ob- 
Servation conditions were not significant. Moreover, the overall 
Means did not differ significantly. That is, the difference between 
the conditions found with head upright was not maintained for 
Ndgments during tilt. The visual vertical with the right eye was 
Clockwise of that with the left when the head was upright, but this 

ifference was reversed with high degrees of right tilt. Я 

Fischer investigated the effect of left- and right-monocular 0 Ч 
Servation on the visual vertical with head tilt. The two Os = 
“owed a monocular difference similar to that here found for te 
Upright posture, and this was approximately maintained during 

ead tilt, туби it should be noted that the judgments of ai 
two Os during head tilt would be considered atypical in corpa aN 
to the Os tested in the present experiment. One O produced the 
“lect for all tilts, and the other gave the E effect for one yop: 
9f tilt and the A effect for the other. Only one O of the 30 I 

ested gave the A effect for all directions of tilt; he was in н 

ocular group, and this resulted in & reduction 1n the шини 

© curve for this condition. This point apart, similar direc 
von Objekten bei Neigung 


8 
dog T Aubert, Eine scheinbare bedeutende ri Anat. Physiol, 2t 180. З 
h Z. Psychol. Phys 


393. “Орев nach rechts oder links. Arch. 4 
i . E. Müller, Ueber das Aubertsche Phänomen. 
8 E3070., 49, 1916, 109-244. 
Ischer, loc. cit. 
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differences due to monocular observation would be expected ir- 
respective of O’s mode of response. The negative findings concern- 
ing the overall means for the three conditions suggests that the 
monocular differences found with head upright no longer hold for 
judgments during tilt. In addition, the sparse data obtained for 
judgments during body tilt do not indicate any systematic differ- 
ences in visual orientation with the left and right eye.*° адан 
less, the variances associated with judgments during tilt were muc 
greater than those with the head upright, and this factor, together 
with the use of different 08 in the three conditions, may have 
acted to mask slight effects of the various viewing conditions. 

It is possible that the left-right monocular difference with the 
head upright may have its basis in different ocular postures dur- 
ing such observation. That is, if ocular extorsion occurs under both 
conditions, the monocular visual vertical may represent the orienta- 
tion of the retinal meridian. However, differences in monocular 
posture with head upright have not been investigated. Measure- 
ments of ocular countertorsion during tilt use the head-upright eye 
position аз the reference against which other eye positions aro 
compared. This procedure precludes the possibility of detecting 
monocular differences, and thus the hypothesis remains to be 
tested. Slight differences in ocular countertorsion between the left 
and right eye have been reported during head and body tilts.” In 
conclusion, it is considered that visual orientation during head tilt 


is not influenced by the eye(s) used for observation, unlike that 
for judgments with head upright. 


Max-Planck-Institut, für Verhal iologi J. Wane 
8131 Seewiesen, Germany мео io 


10 Fischer, op. cit., 664: Peir 7 
? Fischer, op. cit, 633 680 6 O° сй. 
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A NEW PHOTOGRAPHIC ILLUSION 


Well-kn Р 
биеэ bini psychologists are в few photographically obtained 
will, when = by certain gradients of light and shade which 
concavity and upside down, induce reversed perceptions of 
figures which convexity. Also well-known are line drawings of 
down, one эн matter whether viewed right side up ог upside 
Ths liettua uctuating perceptions of concavity and convexity.* 
а photographi on perception does not, however, appear to include 
ape А 10 example of the latter type of ambiguous figure. 
Fig. 1, was Heri such а photoillusion. The picture, shown in 
downward ^ PM by use of flash in а dark stair tunnel slanting 
roof is more е эн landings at an angle of about 40°. Since the 
A (бойсате о y perceived as an inverted, truncated cone than 88 
Fort Knox? rch, the picture has been titled ‘The Falling Arch of 


METHOD 


A lan : : 
i tern-slide projection was shown to 114 undergraduates of both sexes 
е in psychology. The 


m fou 
image есу ега sections of an introductory cours 
farthest ab in. high x 55 in. wide, with the nearest S 10 ft. away and the 
Would be Es 33 ft. Before the showing of the picture, Ss were told that they 
htion to x & picture of some brickwork and two people, and to pay at- 
mimeograph e brickwork only. These instructions, read aloud by E, were 
also listed. ed on a response sheet provided to each S. The response sheet 
the pict three questions that the Ss were to answer after having looked at 
ure for 2 min, The first question asked whether the first appearance of 


e bri 
rick Я 
work was as an arch, ог аз 80086 or funnel. The second question 
or cone, predominated with 


ed М 
Рэнд appearance of the brickwork, arch 1 
did not 8 viewing. The third question asked whether the brickwork did or 
Gene tos between arch and cone with continued viewing. To eliminate 
emonstrate to the difference in appearance between an arch and 8 cone, 
е 62 4 the difference by curving 8. sheet of paper with his hands. 

the pict students in two of the sections, constituting Group RU, were shown 
th p right side up for 2 min. (Test 1). After answering the questions, 
again “з shown the same picture upside down for 2 min. (Test 2), and 
response Swered the same questions (repeated оп the lower halves of their 
While it sheets). Finally, the Ss were asked to look at the picture for 1 mM» 
“Рревга: Was presented upside down, to count the number of changes in the 

nce of the brickwork (from arch to cone and vice versa) and to report 


? nu : 
eon omber on their response sheets. The 52 students in two other sections, 
except that they saw 


“netituting G | 
гоцр UD, were tested in the same Way 


ү 
ОР 
зай [concavity this i influence of backgrond on the p 
“An exan d. is oURNAL, 70, 1957, 19195 . 
Iste, 6th ea anes tie “folded-paper” figure 1m F. L. Ruch, Psychology and 


erception of convexity 
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А 1 э (Test 
he picture presented first upside down (Test 1) and then right side ur 
al count of fluctuations, the picture was right side up. 


tl 
2). For the fin 


RESULTS AND SUMMARY 


: ups 
Chi-square tests applied to the frequency data of the two aie 
revealed no statistically significant differences between the & 


: 1005 
on either Test 1 or Test 2 in their responses to the three quest 
and in numb 


viewed right 
determine whether it was 


5 jority 
it fluctuated. On Test I, of the total group of 114 Ss, the major 


new was 
of Ss (5976) stated that their first impression of the brickwork 


: : : domi- 
às an arch, while 41% saw it first as a cone; however, in pre 


cone 
папі appearance 68% stated the brickwork appeared as 8 
while 32% saw it as 


s : jes 0 
(5976) and in predominant appearance (70%). Frequencies P 
changing their first-impression responses from “arch” in Бин were 
“cone” in Test 2 were not significant in the RU Group bu 
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signifie 
when ша мал the .01 level of confidence in the UD Group 
changes. The on the McNemar test for the significance of 
to perceive Pap bi н a somewhat greater initial tendency 
upside aces dian aim "Y - arch when the picture was presented 
viewing of the picture, i ы was shown right side up. On the final 
Group abor j 4 лге, in the right-side-up position, the Ss in the 
sion reports fr mead ео! tendency to change their first-impres- 
that the deat iab h" to “cone” to correspond with their reports 
during Mr ant appearance of the brickwork was as а cone 
Ne distribution of numbers of flu 
Mihir dee IN versa that occurred in the final 1-min. test was 
of fluc poe 38 the right. In the total group the median number 
Was from 0 t s was 4.7, the mode was zero (30 Ss), and the range 

t о Зб. 
ind be stated, in conclusion, 
picture a or convex did not ¢ t 
tinued os iou right side up ог upside down; that with con- 
m iewing, illusory appearance of the brickwork as a cone 
à oe and that pereeption of the brickwork fluctuated to 
Sue whether viewed right side up or upside down. This 
rawi sion, therefore, should be classed with the geometrical line 
ngs of ambiguous figures. 


University of Maine 


ietuations or changes from arch 


that perception of the brick- 
lepend greatly on whether the 


ЈоѕЕРН J. ANTONITIS 


vioral Sciences, 1956, 63-64. 


a 8 i. 
: Siegel, Nonparametric Statistics for the Beka 


GALILEAN AND NEWTONIAN INFLUENCES ON 
PSYCHOLOGICAL THOUGHT 

ia physical theory of Isaac Newton was presented to the world 

ле late 1680s under the title Mathematical Principles of Natural 

oon attracted was 


i 
горд. Among, those whose in 
maj ntryman of Newton's, а certain John Locke. Already; Locke 
Ntained an avid interest in the relatively new “philosophy of 
ith the earlier mecha- 


ni 
a dur C 
t he had heard of Newton's Principia M 


* 
This ; 
is is a somewhat modified version of а paper presented at the 


Meeti 
п 
E of the APA, San Francisco. California. 


1968 
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he did not have (as Newton put it) “good mathematical learning,” 
he had to seek assurance from others that the mathematics it con- 
tained could be relied upon. Receiving such assurance, he then 
proceeded to read the Principia for its more general ideas—which 
he adopted. Several years later, this same John Locke published 
a work that effected a minor Newtonian revolution within psy- 
chology. 

Indeed, it is not stretching the point too far to suggest that the 
whole of Locke’s psychology can be seen as a kind of Newtonian 
cosmos in miniature. The particles or ultimate constituents of 
Locke’s mental cosmos were, of course, the “simple ideas.” They 
in turn could cohere to form aggregate or "complex" ideas. Knowl- 
edge, finally, was simply "the mind's perception" of whether Jens 
naturally, and "by some causes hitherto unknown, are either 
mutually impelled towards each other, and cohere to form regular 
figures, or are repelled and recede from each other.” : 

Was Locke consciously endeavoring to construct a Newtonian 
psychology? To answer this question, we should have to raise him 
from the dead; for while he lived, he neither affirmed nor denied it. 
In either case, though, this much is clear: (a) he was quite familiar 
with the Newtonian cosmology; (b) he accepted as true the refined 
scheme of mechanism that it embodied; and (c) in structure— 
though not, of course, in content—his psychology may be aligned 
almost point for Point with the structure of the Newtonian cos- 
mology - Conjoin with this the observation that Locke’s Essay was 
Written almost immediately after he became acquainted with the 
Р Mnewpia, and you may safely judge that the correspondence w38 
not entirely accidental, : 

The lesson to be gained from Locke’s example is simply this: 
ви need not be a Physicist to be influenced by physical theory. 
: е г was not the first psychological thinker to be so influenced, 

© most surely was not the last. What I wish to suggest in wha 
follows is that the historical relations between physical and psy- 


chological theory have been more direct and intimate than we have 
customarily imagined, 


Let me begin with a familiar example from pre-Lockean PSY” 


1 This passage is not taken from Lo e 

s t tak cke b эрге Natural 

Жи oi te (тра 01. Newton, Mathematical "Principles ма p^ 
‚А. 3 а08.] аш » Cajori ойс 

aea ton T pe ta 880) may be found in hie Баг 100). e gr ЖН neglected 
che ipte a ipm edge in General,” An Essay concerning Human 
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chology. René Descartes and Thomas Hobbes would have both no 
doubt resented being characterized as two peas out of the same 
psychological pod. And yet, their probable resentment notwith- 
standing, this is precisely what they were. For whatever their dif- 
ferences on specific points might have been, there was one important 
and far-reaching issue on which they both flatly agreed: namely, 
that the study of psychology is ultimately a study of matter 
(“animal spirits” or whatever) in motion. It of course 606 without 
Saying that this emphasis on matter-in-motion was not the novel 
creation of Descartes, or Hobbes, or indeed of any other psychologi- 
cal thinker of the period. Every age has its grand ideas, and the 
grand idea of the early and middle seventeenth century was just 
this: that matter and motion constitute the warp and woof of 
existence-at-large. Usually, this idea is referred to as ‘the c 
chanical conception of nature’ or, more simply, аз ‘mechanism. 


| Although the mechanism to which Descartes Эр ae ri 
dered h , into a general cosmology, 
ad already been expanded in itn res m 


birthplace and permanent residence was in p 
Physics, its бй зөөнө had been а great tangle of form and 
Substance, essence and attribute, and the like. In its own a 
5 explained just about everything, but so Ve eem that, by 
e sixteenth it began to seem haraly wi c 
echanism, pig made ay promised to account for physical 
Phenomena by way of a single, unitary principle: matter-in-motion. 
By the middle of the seventeenth century, at any rate, the е 
Outlines of the new mechanism were fairly widely known. The a 
9f nature rather resembled а great game of billiards. -— ies 
Was all that it contained, was held to exist in the form 0 : Ч эв 
corpuscles that could affect one another only by amine a е 
Contact. Thus, in the words of the new conception 8 foremost єр i 
man, Galileo the world was now to be seen 88 consisting in "a mu E 
ude of minute particles having certain shapes and moving Wl 


Certain velocities." е " 

For our es ed the important thing about Galilean eri 
Cal theory is that the. psychologists of the earlier шин 2 
шан took it over in a wholesale шй and construc! 
Sychologies on asis that it provided. ahos 
meas сно е subject, they arrived at several PSY 
Ogical conceptions that have haunted us right up 

Shall mention these only briefly, for I wish to pre 
Matters, 
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" tion, 

(1) To the question of what is involved in an act ро is 
there are essentially two kinds of answers: the oe he км 
erceive things objectively; the second, that we n x аанай 
ar subjectively. Descartes and Hobbes both argued tha athe 
of the matter lay on the side of subjectivity. This parang Me 
subjectivity of perception did not, of course, originate ee зөвийн 
physical theory, but it was a thoroughly Galilean no ted! toi aive 
less. Galileo himself had put it forward when he mde бий 
a mechanical explanation of heat. Later, John Locke ^ ras a 
the same line of reasoning to arrive at his factitious pear ar 
between primary and secondary Sensory qualities: If ie any 
motion is all that objectively exists in the world, then с ae rid 
perceptions involving anything other than matter-in-mo sd but, 
be subjective. The theory was a psychological one, to be s БОЙ 
ав Locke admitted, it was the result as well of “a little Descartes 
into natural philosophy." In any case, it is fair to say that (8 tivity 
and Hobbes would not have arrived at the theory of the DN аем 
of perception so explicity had it not been demanded by the Gs 
cosmology, 

(2) Descartes and H 
of an object to be medi 
System which they im 
tinctly Galilean sort, 
microcosm: “д mu 
and moving with 


obbes both considered the mind's темел 
ated by the nervous system, and the ээ 
agined to do this mediating was 54 - e in 
Indeed, it was but the Galilean "ruere es 
iltitude of minute particles having certain ei 
certain velocities," Descartes, of course, a aan 
the then-current notion of “animal spirits”; Hobbes spoke гээн 
neutrally of “some internal substance of the head"; but the e tter 
in both cases was quite the same. The motion of айаш] ap 
gives rise to internal motion in a sense organ; this motion, in ve: ib 
is transmitted by way of the nerves into the brain; and asc 
gives rise to a perception. Thus, in the well-known words of Ho a 
a percept “is but an apparition unto us of the motion, agitation, 
alteration, which the [perceived] object worketh in the brain. 


^ h > Жыт ther 

Now, given this particular scheme of things, a certain 0 
psychological inference naturally 
but the mental counterna» 


sh Works 
* T. Hobbes, Human Nature, in W, Molesworth (ed.), The English 
of Thomas Hobbes, 4, 1840. 
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is dependent upon motion in the brain and (b) that all such motion 
derives ultimately from external sources. Descartes had precluded 
both of these provisions with his assumption of a res cogitans. 
Hobbes, however, was able to take them entirely for granted; and 
thus it was that he arrived at the same well-worn doctrine of 
Psychological empiricism that was later elevated by Locke and his 
followers to the level of a first principle. 

. (3) The third Galilean influence that I shall mention is a par- 
ticularly curious one. Some two millennia before Hobbes, Aristotle 
had advanced three principles to account for the association of 
ideas; these being the familiar “contiguity,” “similarity,” and 
"Contrast." Hobbes’s problem was that his motion-in-the-brain 
theory obliged him to reject all but the first of these principles. 

е could well imagine how motions in the brain might tend to 
Cohere by virtue of their initial contiguity (for this was simply to 
Say that motions that begin together remain together); but it was 
not at all clear how such motions could be brought together by 
reason of their similarity or contrast. Thus, as a result of his 

talilean assumptions, Hobbes had to portray the whole of “ний 
ciation as the result of a single principle: contiguity. In this 22 
101, one could trace a fairly unbroken line extending from Hob 288; 
to Hartley, to James Mill, even on to some of our modern learning 
heorists, ' 

Here, then, are three of the more 
Consequences na сок physical theory: the theory of the sub- 
Jectivity of perception, the doctrine of psychological pere 
and the reliance upon contiguity as the sole prineiple = а 

e association of ideas. Just in passing, allow me to pa get 
Urther consequence, namely, the theory that all behavior Ы к zi 
tially reflexive in chavanter: AS I haves iggested elsewhere, the ын 
91 this reflex model in psychology сай be seen as à direct ep 
of what Descartes and Hobbes assumed to be the Galilean prop 
les of the nervous system. — 
А The Galilean period in the history of physics эрэн y : 
“Л end with the publication, in 1087, of jx pet oe be assessed 
i pt of this important work = oe let us con- 
Я Vari "AV se; but ior ї 
он Фе «бонд pep eim of ‘ts more novel and consequential 
atures, у 


far-reaching psychological 


genealogical sketch, paper 


з 
таф, Lowry, The reflex model in psychology: A 
the APA meeting, August, 1968. 
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: istance. In 
(1) The first pertained to the issue of action "s a pre ae 
Galilean physics, and indeed throughout the his © casts d 
inquiry, it had been assumed that motion could be е a. Heat, 
бошо body to another only by way of direct iiem could 
on the other hand, demonstrated that physical p с 1 that 
be accounted for more fully and precisely if it цэл by way of 
action could also be communicated, from a distance, 
ractive and repulsive forces. А imagine 
к= this, it did not take psychological thinkers long are 
that the mind might be a kind of Newtonian cosmos in to whether 
in which ideas get associated with one another aware: that ideas 
they attract or repel. Locke, for example, V. pape feeder 
might have a natural "connexion and agreement" or epum 
and repugnancy."* Hume, somewhat later, regarded the hich in the 
of ideas as a “gentle force”—as “a kind of attraction, 2 ata un dm 
mental world will be found to have as extraordinary 20 {огтав.” 
the natural and to shew itself in as many and as eg pin bë 
Although it cannot be entered into just now, I think i s nnd 
Shown that the attraction-repulsion metaphor never pen men 
further than this among the English because it was even юув dein 
to be incompatible with the endemic doctrine of as really 
empiricism, In any case, where the Newtonian metapho: 


mr i rmany. 
made its appearance was in nativistic, post-Kantian Ge 
Herbart, for example, 


plicitly of attractive о 
he arrived at germin 
ideas as “repression, 
ceptive masg,”6 Herb 
tonian physical theo 
last Germanic psyc 

(2) The second fi 
consider was the со 
was in Newton's + 
conservation of me 
idea that energy-j 


n 
f Human Nature, 1888, pp. 12-13. tions 
6 Herbart began with two assumptions: (1) that UPON, coy that al 
repel one another in a degree Proportional to their "mass," an jn equ а] 
“conceptions” are attracted toward the “center” of conaciousnes бейе T 
degree. From this, it was a fairly simple matter to work out & Schriften zu 
scheme of mental “statica” and “dynamics.” See J. F. Herbart, da 1859. 
Psychologie, in G. Hartenstein (ed), Sámmtliche Werke, 6-7, 


SE Де: 
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2. conservation of energy’: the energy within any closed physi- 
system remains quantitatively constant, although it may under- 
Бо various qualitative transformations. 
М... n ооң forgotten about Hermann von Helmholtz, the 
ов E ^ this. law,’ is that his principal interest in physical theory 
fo ie its application to organic functioning. He was, indeed, at the 
refront of the so-called German Biophysical Movement, the ex- 
Pressed aim of which was to demonstrate that all forces active 
Within the living organism are (in the words of Ernst Briicke and 
Emil Du Bois-Reymond) “equal in dignity to the chemical-physi- 
= forces inherent, in matter [and] reducible to the force of attrac- 
НЬ and repulsion.”? And it was with this end clearly in view that 
at prepared his now-famous paper “On the Conservation 
Hel огсв.”8 Thus, on the basis of his so-called constancy principle, 
i mholtz and his followers could now see organic functioning 
ch a complex but nonetheless mechanical process of energy ex- 
ч ange and transformation. In the living organism, 83 in the uni- 
erse-at-large, the various forms of energy are converted into one 
another with neither a loss nor a gain in overall quantity. The only 


difference between the two is this: The universe is 8n isolated 
Physical system; thus, 10 receives no energy from other systems, 
on the other hand, is 


er does it lose any to them. The organism, : | 
i relatively isolated; it receives energy from, and expends 
тву upon, the environment. : 
There was also a more specific implication of the Helmholtzian 
Model. The activity of the nervous system was by this time recog- 
nized to be electrical in nature; and on the analogy provided by 
Own electrical circuitry, it was quite naturally assumed that the 
nervous system as a whole functions in the manner of 8 simple elec- 
trical conductor. Thus, according to this theory, nO matter what 
orm of energy it is that excites a sense organ, it will in any case 


со Рн into electrical energy- In this ee it "s ка 
a noted tem, to an е ector, where 1 
through the nervous 88%» ipm Эд нна 


again be Sate Accordi 

Ta qualitativel transformed. Accordi € 

ере, moreover, Ше quantity of energy will remain ze 

ще hout all of these transformations. Thus, we may m ч 
Agnitudes of stimulus and response to be, if not identical, 


e 
ast proportional. 


uS des 19. 
Bin D" Bois-Reymond, Zwei gg, Naturforscher 0% art Ludwig, 1927. 
v Briefwechsel zwischen iD Bois-Reymond und Kar 
eds hael een Erih or dio Erhaltung der Kraft, 1847 
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Helmholtz’ paper “On the Conservation of Force” was published 
in 1847. Three years later, in 1850, Gustav Theodor Fechner had 
his famous revelation. Whether the first caused the second, we 
can not say; but it is in any case clear that Fechner’s psychophysics 
of 1860 took the constancy model of the nervous system entirely 
for granted. Without it, indeed, Fechner would never have seen the 
connection between his Tagesansicht and the measurement of 
“outer” psychophysical relationships. For as he observed in the 
opening pages of his Elemente, the mediated relationships of stimu- 
lus and sensation “fulfill completely the concept of а functional 
relationship only under the supposition that the mediation (1, the 
neural conductor] enters into the relationship.”® Fechner, in fact, 
was so taken with the Helmholtzian constancy principle that he 
devoted almost an entire chapter of his Elemente to its exposition. 
He conceded that the applicability of the principle to psychophys 
cal processes had “not yet been demonstrated.” But it can scarcely 
be doubted, he continued, “that all experiences . . . agree with this 
law and can be interpreted without trouble only by means of itm 
It 18 also fairly well known that the great Helmholtz responded n 
kind, hailing Fechner’s psychophysics as an important step along 
the road to a truly scientific—by which he meant physicalistie— 
psychology. 
on psychophysics was the first psychological issue of the 

oltzian constancy principle; but it was not, I think, the 

2 far-reaching. For this, the credit must go to Freud. Freud’s 
а the so-called Helmholtzian school of physiology шин 
ну “a ronicled elsewhere and need not be entered into here; 
eiplines of tii ae he imbibed deeply of the teachings and dit 
“Project for a 5 оо! during his earlier years. If you look into ie 
enthusiastie but ode Psychology" of 1895, you will en 
holtzian psycho ie осоне саг to construct a Newtonian-He en 
theory of 1900, and ООБУ И уөц Jook into his реусһовтау a 
though less li та thereafter, you will find an equally thoroug 
explicit attempt to construct a Newtonian-Helmholtzian 


! : a, С. 
Boring (ede) and H. E, Adler (anna цар a D> Н. Hows and Е 


NOTES AND DISCUSSION 399 


psycho 
spoke a E Ше beext of Freud’s earlier “Project” was what he 
ile бшкп е түзү of neuronie inertia,” which was simply 
Jk the heart au el of the nervous system in cytological guise. 
which was the bue ied theory was а kind of psychical inertia, 
the underlyin ye model in psychological guise. In both cases, 
function of T iba Hd was quite the same: The principal 
level ok ener psychical apparatus” is to maintain & constant 
in the meii Бар tension”; thus, its “primary process” consists 
could be ar * е “discharge” of any excess “tension.” I think it 
їйрїп gued that any such homeostatic model of psychological 
T shall e шэнэ Newtonian-Helmholtrian in character. 
In his aed this section with one further observation on Freud. 
wrote that no to "The Conservation of Force," Helmholtz 
Science to сар” y. .. we discover the problem of physical natural 
attractive m 2 refer natural phenomena back to unchangeable 
he dilated шерине forees. ... The solvability of this problem,” 
nature ines 38 the condition of the complete comprehensibility of 
22 T think it can be shown that Freud—good physicalist that 


е was—: a ч : 
spent the major portion of his own theoretical career at- 
tural science” in the 


te : 
d to solve this problem of “physical па 
two cone psychology. Consider, for example, the dynamics of those 
and “dis pine bulwarks of psychoanalytie theory, “repression” 
еге is P4 acement.” By Freud's own admission, what is involved 
those complex of attractive and repulsive forces, not unlike 
Point peti by Herbart nearly a century earlier. More to the 
бекте dw his later theory of instincts: as Freud himself 
basic ж In one of his last written works, “the analogy of our two 
living ү [‘“life” and “death” extends from the sphere of 
hings to the pair of opposing forces—attraction and re- 


Puls} 
on—whi A Á À 
which rule in the inorganic Wo? pus 


d then, are a few of the more © 
cite t influences upon psychologica 
now lik ut these I think will suffice to ma 
at Эр to conclude with an observation upon 
World 1 involved in all of this. The psychology of the 
is often said to have served as ancilla theologiae, 


onspicuous Galilean and 


E. 

12 Helmholtz, op. cit., vii 

pass. , op. cit., vu. 

Ваи Prud, An outline of psycho-analysis, in J. Strachey СТЕК 
ud, 23, 1964, 149. the n ees Rs Lowry, 


consid of the Work 4 

er rks of Si mund Fre Я 
Psychoanalvai ан “ррунсайвт” elsewhere at greater lengt Bav. 88 Y 
hs 156-167 ^ and the philosophy of physicalism, Hist. benar- ^ 
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maiden of theology. The psychology of the postmedieval world, on 
the other hand, may be said without too much exaggeration to have 
served as ancilla physicae, the handmaiden of physics. In both 
cases, what we have is a psychology that is modeled upon, and 
draws its major ideas from, the Grand Scheme of Things that 
happens to be in fashion at the time. 

Whether this submission to the allure of the Grand Scheme of 
physics is good ог bad, is a question not easily answered. Cer- 
tainly, the science of chemistry was much advanced by ме 
Newtonizing efforts of Lavoisier and Dalton; and it may be argue 
that psychology would do well to follow the same example—and 
hope for the best, Nor need the argument be restricted to “Мен” 
tonian' physieal models; it could be readily extended to a 
version of modern physical theory, or to some modern physica 
Subtheory, such as has been haltingly attempted by the Gestalt 
and field theorists. For my own part, though, I must confess that 
I am less sanguine about the matter, Psychologists have been 
dabbling in physicalistic models now for the better part of three 
centuries; and 1 simply do not see that the models have repaid 
the effort invested in them. Perhaps they will begin to pay off in 
the future; but then again, perhaps they will not. In any case, We 
should do well to remain ever mindful of other possibilities and 
to remember that in all events the burden of proof falls squarely 
upon those who would employ such models, 


Vassar College Ricuarp LowRY 


TON, PHYSICS, AND 


NEW 
THE PSYCHOLOGY OF THE NINETEENTH CENTURY 


That Psychologists, no less than any other kind of people, 87? 
prisoners of their 


Of their culture 18 perhaps a commonplace. How they may 
escape being time-bound and space-bound is a less easy question. 


gists, lies in its insistence upon 
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cal fact—upon a kind of physicalism, if you will, and a rejection 
once and for all of dualistic premises, however deceptive may be 
the packaging. That most early psychologists of the introspectionist 
stripe were blatant dualists is readily recognized. It is my conten- 
tion that most behaviorists are quite as much dualists because the 
concepts and explanations they use are only thinly veiled trans- 
formations of the spiritualistic explanations employed by the intro- 
Spectionists. Is there any formal difference between habit strength 
and associative bonds? Between physiological need and desire? 
Admittedly, the linguistic style, the jargon, is changed but the 
Substance remains much the same. 

In pursuit of my thesis I had occasion to hunt for several 
quotations used by Köhler from older psychologists. The results 
Were quite startling. In Maxwell, in Planck, in Mach, one finds 
views that leave the way open for bridges among the natural 
Sciences, These views were almost completely ignored by psycholo- 
gists. At the same time, I find an interesting comment by EbbnE 
haus, He had been goaded by Dilthey, who had mounted an attack 
on erklérende Psychologie? Dilthey objected to the atomistische 
Zersplitterungen which he felt was the mark of the New Psychology. 
To this Ebbinghaus replied (my translation) that the psychologist 
Speaks of sensations, perceptions, feelings, associations, 88 if they 
Were simple and complex constructions and functions. But he does 
Not assert thereby that the complex construction is derived from 

е simple, or that the whole is created by putting together com- 
Plicated parts.”3 There is more in the same vein. Ebbinghaus then 


ТВ a distinction: "n unl 

t is indeed not true that the mind because of its unity is to be ev ie) 

5 Something different from external objects. The contrast exists on Bese 

5 nes and clouds, in general with the things with which XM а ШЫ sad 

Ч Principally concerned. The contrast js not at all with the 7 ias гэх 

Said the plants, with animals, and the human body. For these, а 
about the unity of the mind is equally true 


€ makes this poi ici 
; s point more explicit: u " 
к 5 certainly true that the first form of modern scientific ao : e 
кыы. association psychology, does not come UP to а muc s ea 
ARE of perfection, but suffers rather from evident deficienc 2 — 

si ese f iven by Kóhler at, Princet 

i п Jd Lectures given < Task 0 

dove ity р" part ofe esr published 2s Ww. Köhler, T he 

Ы Sychol | - 
ааъ Di they, ite bor eine beschreibende und zergliedernde 

УН Berl. Akad. Wiss., 20 December 1804, 1308-1407. 

5 Бр ebbinghaus, Grundziige der Psychologie, А 

Inghaus, ор. cit., 165. 
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В tical 
back to two roots: Psychology has put its trust too greatly in - pepe 
mastery of psychological facts, and it has followed to too сан where alis 
physicochemical analogies. Both are understandable, . . mee of teaacand 
could it [psychology] find a concrete example of the proced сапе biology 

roductive science than in physics and chemistry, since a significa ig A 
iod not yet been developed? Nevertheless, understandable a dosis 
deficiency exists. It consists, not exclusively, but essentially, in sicn. ba: Вай 
factory evaluation of the peculiar unity or whole, if the уусгэн in 
mitted, into which the differentiated many are assembled and с 
mental life.5 е а8 

Ebbinghaus’ comment poses a very interesting question. pa 
precisely to physics and chemistry, especially physics, zd vini 

the Gestalt psychologists were appealing in support of es 283 
about whole properties in psychology. Was this indeed i be 
physics which, according to Ebbinghaus, offered the false ana ut 
More partieularly, what was the physies and chemistry, 30 ? The 
Ebbinghaus had reference, that had led psychology — hê 
answer to this question is not easily discovered. If one age бе 
systematic texts of this period, there is practically no clue. x. dn 
the biological side there is no question. In Lotze, in yep ҮЭ 
Wundt, in Ebbinghaus, in James, there is the long and we that 
sance before the Nervous System.9 The graduate student 2h ep's 
day could be depicted with a color wheel in one hand and a v e ios 
brain in the other. But the treatment of physics is c es e 
cidental and undocumented. Where did Wundt or Külpe ог. fif 
ог Brentano learn about the echte und fruchtbare Wissenschaf. Нь 

One important Point of contact was, of course, — i 

collaborated in founding the Zeitschrift fiir Psychologie ene 

peared as an author five times in the seven volumes pub ie 

before his death. The last paper he wrote was published oe 

Zeitschrift? But it is hard to eseape the feeling that, physics 1 gs 
i ‚ Helmholtz was obviously a key figure in co 


in Ж 
5Н. Ebbinghaus, Ueber erklürende und _beschreibende Рвусћоіо е, ју 
Psychol., 9, 1895, 175. This entire article (161-205) is a recapitulation an 
to Dilthey’s attack, d topics 

81 have reference to the Space accorded to neuroanatomy and relatec Sree 
in the general textbooks of these authors, Detailed documentation is 
required. unserer 

"Н. von Helmholtz, Ueber den Ursprung der richtigen Deutung 
Sinnescindrücke, Z. Psychol., 7, 1894. 81 96 

8H. von Helmholtz, 1/ 


? “req lische 
eber die Erhaltung der Kraft: Eine physika 
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issue Helmholtz had made an early and telling contribution. The 
second was Helmholtz’ elucidation of Riemann space, which he used 
hopefully to support an empiristie theory of space? Neither of these 
spoke particularly to the issue raised by Ebbinghaus. 

It seems fair to conclude that the model of the physical world 
which nincteenth-century psychology, at least nineteenth-century 
German psychology, sought to copy was, in its principal outline, 
Newtonian. This is an inference for which I have discovered no 
direct evidence, but I believe it is a plausible inference. I should 
like to elaborate my reasons for believing this. | 

First, what are the elements of Newton’s mechanics that are 1m- 
Portant in this context? We remember that Newton accounted for 
1e behavior of the moon with his notion that the moon was held 
m its orbit by the force of gravity. It remained to show that the 
force varied with the inverse square of the distance and directly 
with the product of the two masses that were attracting one an- 
other. To do this, Newton argued: (1) that there is an absolute 
Space described by Euclidean geometry and infinite in extent; 
(2) that this space is in general a void except for numberless 
IScrete objects or particles moving or resting within it; (8) that 

€ objects in the space are subjected to certain forces, in part, of 
an unknown origin: (4) that one of these forces exhibits itself as 
Bravity which is a mutual attraction of two objects with a force 
Proportional to M, Ma / 0°; (5) that the forces of gravity between 
Pairs of objects arc independent of one another and that the motion 
fa body is the result of all the forces acting on it in combination 
at апу one point in time. There is, in addition, the concept of inertia 
чид implicitly the notion of conservation of matter. These are e 
SY elements: the fixed but empty frame of нээ que qom 4 
Вэй. in that space, forees acting at a distance, and the inter 

10n of these forces by arithmetic combination. 
Tuch of the ae scheme was, of course, ready at hand 


in ‘ton ordered 
е rapidly growing knowledge of cw 


astronomy. N 


Abha —— der Physik, im 
ndl : zv in Fortschritte " Зон 
Jahre 18778 n pots rg three lectures а Medical 8. ! 
1876 Gazette (London), 1864, and in Populäre повепасћа аа Dictionary 0) 
Phi, See, the many references given by Rand in J. M. Ba vent of 8 physi- 
cist 080рћу and Psychology, 3, 1905, 1091-1099. For the come. Analyse der 
Emping ; Mach The Analysis of Sensation, 8. Waterlow (trans tri 
o j dungen, 5th 1959. 55. . der geometris- 
chert: уоп ын 100, den Ursprung und die Baleu Ч iso in Vortäge 


d. i й 7 8 7 Vorträge. 1870. 
чи Reden y im opulüre wissenscha filiche 7 
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these observations with great skill. But perhaps тшде fundats 
tally, he broke with the tradition that sought a substantial agent | 
explain any action, the important vestige of primitive mage. 
Gravity, acting through empty space, took the place of the in- 
visible shell holding the planets in place. 

Newton's theories had become a commonplace long before Де 
chology was born. It was certainly the dominant view by the ың 
of the eighteenth century. But by the beginning of the nineteen 
century, there were cracks in the edifice. There had from the be- 
ginning been Huygens’ wave theory of light. Then came тунан 
Bolyai, and Lobatschevsky.!° Try as men would, they could neve 
put Humpty Dumpty together again. Then why did psychology 
follow Newton—psychology that was taking form a half century 
after the Newtonian structure started to crumble? The evidence із 
that it did. It accepted an a priori space. It created a set of par 
ticulate and independent elements. It made use of arithmetic rules 
of combination, Why? The reason, I believe, is because of one тЫ 
Immanuel Kant, Both the anachronistic physical theory and tl : 
absence of any clear account of that echte und fruchtbare ын 
Senschaft is a result of the fact that psychologists took their phys!¢ 
not from physicists but from a philosopher. 

There is relatively direct evidence for the connection. Scholars 
of Kant have made explicit reference to Kant's admiration for 
Newton and for his acceptance of the Newtonian view of the 
World." In fact, only the supposition that Kant took Newton n 
Seriously will explain the peculiar position afforded to judgmen 
about space in Kant’s System: space is never the object of 88 
analytical judgment; it is a pure intuition, the only pure | 

© Propositions of geometry are propositions about space, 2 
true; therefore, judgments about space are 

» or synthetic judgments, Р ho 
S to note that almost every psychologist W 
wrote about Perception, or even psychophysics, wrote with one eye 
on what Kant had said, In nineteenth-century psychology, Kant 1 
Be ubiquitous as Pavlov and Freud in the twentieth century. = 
the doctrine of local signs, from Johannes Müller to Külpe 2? 


10 For a brief but Persuasive acco . his change 
inster d unt of ter of thi 

See A. Einstein, Maxwell's influence on рн physical n 

1831-1931, подвод et al, James Clark Maxwell: A Commemoration Volw 


” 
1 See N. К. Smith, A Comment. "s "CH, Pure Reaso™ 
1923, ly-Ivi. I have, in general, followed Smith e rtaga al 
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шэг direct consequence of Kant’s dictum: “Space does 
“эргээ bt quality ut objects by themselves, or objects in 
ја» ^ : one another. One hundred years of speculation 
Tk & ara ely fruitless experimentation rest upon this single point. 
phen ident, of course, that the detailed knowledge of physical 
hen зры optics, of acoustics, and of electricity—did not come 
ём їз source. The problem lies precisely in the fact that theory 
si practice came from such different sources. Psychologists used 
imple physical facts without knowing anything of Faraday and 
Maxwell, of Clausius and Kirchoff, of Rutherford and Lorentz. 

I have to confess that there are gaps in my view. There are 
aspects of Newtonian theory, particularly the concept of force, for 
Which there is no easy equivalent in the Kantian view. In this area, 
and with regard to the concept of energy, 8 strong case can be 
made for quite other lines of influence. How else could psycholo- 
e have conscientiously defended 8 theory of psychophysical 
nteraction in the face of the notion of conservation of energy? Or 
“Bain, there was Helmholtz volubly expounding models of non- 
Puclidean space without there being any very constructive response 
У psychologists to the problems this raised. The empiristic theory 
of space on which some psychologists came to depend was really 
More of a nontheory than a successful, positive account. 

In conclusion, let me return to the elements of Newtonian theory. 

is was the model to be followed. At one point Einstein char- 
Acterized them this way: “According to Newton’s system, Physical 
` {з врасе, time, the material 
Particle, and force m3 Space for Newton was an absolute space, 
ving! a given, existing independently of the хөрч that occurred 

In it. For К :« became an а priori space, 
not based on колы e Preexisting and serving as the framework 
Within which objects might be related to one another. For the 
Dineteenth-century psychologist, SP40 onstruct, not some- 


e was & © ; 
Ing given di 1 1 put rather 8 network of non- 
ence nae 
directly in exper , ciations. 


Spatial local si : Бу nature or by 8550 
cal signs knitted together d uy aee Ва dl 


Let me . For 
potter, Эбт ант" in the void of space For Kant 
‚ cre Were cbjeats, the Dinge a" sich which gave а 
a Pressions, qualitative in nature. By an analytic m к ану in 
oan formed a concept of the object still basically QU5 s онь 

Mure. The psychologist took the view that there Were 

lis Kant, Critique of Pure Reason, F. M. Müller (trans.), 1881, A26, B42. 
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of sensations to which might be added by association other sensorial 
elements to form larger complexes. 

Time for Newton was independent of space although it would 
be measured by motion and, accordingly, assuming constant ve- 
locity, by measures of space. Time for Kant was subjective and 
internal. It depended upon judgments of succession and simulta- 
neity. It was relational and was therefore a priori in nature. It was, 
however, unlike space, something derived from the manifold of 
sensations and therefore not a pure intuition, as was space. Time 
for the psychologist was much the same thing. It depended upon 
the flow of experience, upon judgments of suceession and simul- 
taneity. It became represented by qualitatively heterogeneous ex- 
periences through processes, again, of association. 

The answer, then, to the Ebbinghaus question as to why psy- 
chology had no way of dealing with the “unity of the mind” does 
not lie, in my opinion, in the fact that psychology took physics 
and chemistry as its model. Each of the elements in the Newtonian 
Scheme had come under strong attack by the end of the nineteenth 
century, and a very different conceptual scheme was emerging, 80 
far as physics Was concerned. The problem was not so much that 
Psychology was wrong in taking physics as a model. The problem 
was that it took the Wrong physics as a model. 

One last comment. The point that the Gestalt psychologists were 
making was not, in my opinion, that psychology should reject 
physical models in favor of a loose phenomenology or the mythology 
of psychoanalysis, Rather, psychology should take better and more 
meaningful physical models. This point has been overlooked ай 
neglected. But that is another discussion. 


Harvard University Epwin B. NEWMAN 


A FOOD pis 


Н FOR TESTING F D AND 
STIMULATION e: 


REWARD WITH SMALL ANIMALS 


Animals 


will bar-press for brai А " | йз It 18 
desirable to n stimulation as rewa 


compare certain aspects of this bar-pressing behavior: 


* Received for publication February 18 1968. The research reported, war 
ant Май by grants to R. В. Malmo from the following sources: Nation! 
e Medical Research Councils and Defence Research Board of Canada; 2? 

В. National Institute of Mental Health and National Science Foundation. |, 

J. Olds and Р, Milner, Positive reinforcement produced by electrical stimu 
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and its physiological accompaniments, with corresponding phe- 
homena associated with bar-pressing for nutritive reward (e.g. 
food or water). In order to obtain this comparison in the behavior 
of a rat, a food dish has been developed which allows the rat to 
(a) obtain a food pellet after a bar-press or (b) to receive electric 
brain stimulation after а bar-press, but only when its head reaches 
into the dish. Thus, for both the food reward and stimulation re- 
ward, the animal must execute similar motions.” Tested were food- 
deprived rats; their behavioral responses were assessed by the 
number of bar-presses and changes in heart rate? 

. The food dish is fitted with metal electrodes which form a capac- 
Мог, and the principle of operation 18 such that by putting its head 
їп the dish, the animal changes the permittivity (dielectric con- 
Stant) of the capacitance and this change is detected by an A.C. 
bridge network. The output signal of the bridge, after electronic 
amplifying and shaping, is applied to equipment for behavioral 
Programming. 


Circuit 


Fig. 1 shows the circuit diagram. A Hartley-type oscillator sup= 
Plies the excitation voltage to the bridge network, 8 Blumlein 
bridge. This type of bridge is particularly well po qe ногт 
116 small capacitances because of its sensitivity and zero “эеэ н - 
these characteristics being achieved by virtue of its ше мау 
Coupled ratio arms. The use of miniature transformers ( ын 
T) allows the bridge network and bridge amplifier юэ i p 
mto a small metal antlosure and mounted on the outsi s 5 ES 
test box, near the food dish. When the food dish is empty, the опор 


ї8 balanced by means of à variable capacitor (С) for а es 
Output signal. The output voltage of the bridge increases wit any 
variation of the capacitance of the food dish. The signal (pO a 
tored with an oscilloscope ог sensitive voltmeter connecte J 


!£nal Monitor output at Emitter Follower 1. . — ай - 

he amplifier consists of two common emitter А. P rent-hunt 
Performance is stabilized by two feedback AP i the bas 
Sedbaek from emitter of Qz via transformer winding 


ti иг . phy 
47 Of septal area and other regions of rat brain, J. comp. Р! 
31954, 419-497, — 


19-427 к > 
зүү мөнгөн, was designed by G- Pl Togarithmic response for use with 
rats p.: Mundl, A cardiotachograpn 5 
«Psychophysiology, 3, 1966, 220-223. " 
: F. Giles, Electronic Sensing Devices, 1966. 
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of Qı provides p.c. stabilization and biasing of Qı. Voltage-series 
feedback between collector of Q4 and emitter of Qi provides for 
both А.С. and p.c. stabilization. This latter feedback seemingly 
contradicts the notion of negative feedback, since the signal fed 
back is actually in phase with the signal at the emitter of Qr 
Nevertheless, its effect is that of negative feedback since it provides 
opposition to the input signal by decreasing base-to-emitter bias 
in phase with the input signal. Or, alternatively, Q, may be looked 
upon as а common base stage in the feedback loop, the only phase 
reversal taking place in Qe. 

The Zener diode eliminates a coupling capacitor between the 
stages. Depending on the trigger adjustment, the Schmitt trigger 
becomes activated at a certain signal level; this trigger adjustment 
therefore controls the sensitivity of the instrument. The output 
pulses of the Schmitt trigger are integrated by RC networks before 
and after Emitter Follower 2 to provide a voltage envelope which 
is applied to Q; to drive it into saturation. Outputs in the form of 8 


contact closure or pulse are available for activating programming 
equipment, 


Foop Disu 


The inside part of the food dish was cut from a plastic bottle s 
oval shape (see Fig. 2), A ring of thin brass sheet was fitted aroun 


irr ad Emitter Follower 1 Schmitt Trigger ЕтМегЕ2 Relay Driver 
15у 


Diodes: OA 200. 
dc, 
Relay: Ризов PA алтей. 


Inductor: Allon Orgon © 
Tjond T2: 00-736, UTC 


-8v 
Fia. 1. Crecurr DraagAM 
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Piostk Dish 


1 Metal Ring 


Metal Piate 


j Metal Shield 
| (or 


Fra. 2. Ехриорер View oF Foon Dis 


t " 
si teh dish and represents one electrode of the capacitor. The 
T electrode consists of a brass plate cemented to the underside. 
АЗБЫ, metal dish encloses the bottom half of the dish-electrode 
arge y and serves as ground shield. This metal dish should be 
enough to allow for an approximately 14-in. space between it 


ап 
of гэн, electrodes. The ground shield eliminates unwanted operation 
‚ the instrument in situations where the animal could initiate 


a i . . 

че E from the outside of the dish by its proximity to the elec- 
whi = The assembled parts are held in place with silicon rubber, 
1460 is also applied freely to the outer surface for electrical 


Msulatj 
ation and physical protection.° 


PERFORMANCE 


a Tation of the instrument was found to be stable. No adjust- 
aes needed once the bridge circuit was balanced and the 
Orma adjusted for the required sensitivity. A difference 10 per- 
йш: must be expected between ап animal wired to recording or 
ation equipment and an electrically isolated animal. A con- 
through resistive 


lec 
18 by necessity at round potential 
y it; g 


сарасы | A 1 
боп e coupling at the instrument inputs ) 
"ibutes additional imbalance to the bridge network. Some addi- 


5 Silast: 
ЧавНс 732 RTV, Dow-Corning. 
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tional sensitivity сап be obtained by decreasing feedback in the 
amplifier, i.e. by raising the ratio of КЕ/ВЕ. 


Allan Memorial Institute, WiLLIAM J. MUNDL 
McGill University 


APPARATUS FOR RANDOMLY DETERMINING 
VISUAL STIMULUS POSITIONS USING A 
‘FORCED-CHOICE’ PSYCHOPHYSICAL PROCEDURE 


Several studies of visual perception involving tachistoscop!? 
Presentations have been carried out in this laboratory using ч 
simple ‘forced-choice’ psychophysical procedure. The subjects 
were required to discriminate the spatial orientation of a figure 
such as a semicircle, illuminated by brief flashes of light. This PT 
cedure offers two Principal advantages over other forced-choice 
techniques, which have required 8 to discriminate different stimulus 
forms? or to discriminate from among several different, stimulus 
presentations. First, stimulus presentation is simplified, because 
the same stimulus figure is always used, and only its orientation 
need be changed, Second, the use of a single stimulus figure elim- 
nates problems concerning the differential detectability of stim- 
ulus options (such as can occur using letters of the alphabet): 

he apparatus described here was designed to rotate stimulus 


* Received for blicati s adr 

ч proacation February 3, 1969. The research reported was San 

Grant ОРИ by NASA Grant NGL 05:007 010 (formerly NsG-623) and 

К. B. Boyle, An investigati i ede 

; Л gation of the latency hypothesis of percep al 

ee resulting from successive visual presentations, unpublished doctor" 
rtation, University of California, Los Angeles, 1963: M. L. Kietzm 


9 s SES : 5 Б aire 
flashes of lah. Vil Retroactive brightness enhancement with brief Tind 


ance- 
1 hin, 
: А ‚ сип. Neurophysiol., 19 1965, 32: „К uel Donc? 

Retroactive visus Бус. Бо ‚ 19, , 325-335; Етап king 
interval, Vision Бен nEs feris of test flash duration on the mas ked 


1 Is and ty resolution, Psychon. 8 i., 12, 1968, 103. 8 
soi cata ces, ncaa ышы ыр 
u im A adai held and interval between stimulations, J. exp. PsV a 

ЭН. R. Blackwell, Psychophysical imental studies 
methods of measurement, Univ. Mich. ee m i i 1-227. 
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ПБУ AC 
PP 
SI 


‘TRANSMITTER’ ‘RECEIVER’ 


STIMULUS 


INDUCTION WHEEL SELSYN MOTORS 
FIGURE 


MOTOR 


Fig. 1. Scuematic DIAGRAM. OF APPARATUS 


fi T. 
ap. Tes randomly into any of eight different positions, separated by 


is Ti. 1 shows a schematic diagram of the system. On the left side 
е control unit which determines the orientation of the stimulus 
hen ae given trial. А geared-down induction motor‘ turns à 
ferent ча which cams have been placed for each of the eight dif- 
inducti stimulus positions. With the power turned on (81), the 
2) lon motor turns continuously until E presses the foot switch 
9 This allows the roller-actuated Micro switch (88) to provide 
5 22 pulse of current at the next upcoming cam which js sufficient 
is ыг ivate the holding relay (R)- Through the action of R, power 
eld moved from the induction motor, 88 well as being applied to the 
ei aes of R itself, in parallel with that from 83, This prevents 
oe motor from receiving power again before 82 is iles. 
y ti its power is turned off, the induction motor is quickly хайн 
ша "i Action of a magnetic brake (not shown in the figure). | e 
in ae brake is a integral part of the motor, and it is эү 
the at it requires no additional power because it is арын : Ч 
Whig eretic field of the motor coil itself. The stimulus posi кн 
ch the control unit has stopped may be identified by noting 
sie and built-in magnetic 


о А К 
brake. gt 60-80 rpm, with continuous-duty field зүсэлт Products Согр» 


Carlstad Seaway Mfg. Co., La Grange Park, Ill. o 
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the identification number or letter marked on the wheel for the cam 
that actuated S3. 

The remainder of the system consists of two selsyn motors (Type 
VII), which remain on at all times by the action of 81. One of these, 
the 'transmitter' selsyn, is mechanically connected to the drive 
shaft of the induction motor so that it rotates and stops with the 
wheel and cams. This selsyn is electrically connected to the second, 
or 'receiver, selsyn motor, whose drive shaft is connected to the 
stimulus figure. Any movement initiated by the control unit i$ 
picked up by the ‘transmitter’ selsyn and is faithfully reproduced 
by the ‘receiver’ selsyn. 

Random selection of the stimulus positions is determined 8$ 
follows: 'The induction motor is allowed to run for several seconds; 
and then E stops it by pressing S2. The motor remains stopped 
until S is given a chance to view the stimulus (e.g. by means of 8 
flash of light which occurs when he presses a switch connected 10 
other circuitry) and indicates the stimulus orientation. Æ records 
both the S's response and the cam identification shown on the wheel 
and then releases 82, which allows the motor to run again. After 
several seconds—usually the time it takes to score the respons¢— 
E presses S2 again and starts a new trial. The induction motor 
rotates rapidly through the eight possible stimulus positions, and 8 
new position occurs about once every dy sec. The variability 22 
hes time it takes to record 88 response is sufficient to ensure that 
the stimulus Positions will be determined randomly. This has bee” 
mp ti times using many different subject-experimente? 
ao Was designed to rotate small field stops which formed 
ag T When inserted into a Maxwellian-view optical ue 
gine ii jn Stop was mounted in ball bearings, and rotated 7 
Tt ean “Ний 11 gear train attached to the ‘receiver’ selsyn шэн 
apparatus sha и а ы m almost any visual perap 
te Bor stimuli are illuminated for brief periods. 8 

їпсаде between the ‘receiver’ selsyn and the stimulus figu” 
need be modified to suit individual requirements. The accuracy 
with wins a stimulus figure may be rotated to a given position is 
about 2° because of variation in the time it takes for the indu” 
unn motor to be stopped. While this error is small, relative 10 ^. 
45 spacing between adjacent stimulus positions and did not айе“ 
the discrimination of stimulus positions, it could le reduced throug 
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the use of 
a more sophisti : 
clutch-brake mix isticated, and considerably more expensive, 
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ersity of California, Los Angeles J 
. D. WickE 
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THE SIX 
P E ANNUAL MEETING OF THE 
N SOCIETY FOR PHILOSOPHY AND 
PSYCHOLOGY 


The si 

eer cat annual meeting of the Southern Society for 
Everglades Tis Psychology was held on April 3-5, 1969, at the 
of Philosoph otel in Miami, Florida. Hosts were the Departments 
mately 325 de P sychology at the University of Miami. Approxi- 
Program сш friends, and guests were їп attendance. The 
Sions, All to = of two symposia in psychology and two joint ses- 
in рубок: er, there were 32 papers in philosophy and 57 papers 

gy. As usual, a social hour and business meeting were 


Also j 
At the p in the program. 
of Bene the two joint sessions, 
ina, іа e introduced E. M. Adams, 
e май quiae the presidential address, 
Session, Pani ic Images of Man in the World.” At the second joint 
vited addre 1. Adams, University of Florida, delivered the in- 
omas K T Professors and Citizen Activism.” Discussants were 
Philosophy, earn, Jr., College of William and Mary, representing 
у, and Denis O’Donovan, Florida Atlantic University, 


Te 
Tain psychology. 
ames Ж Awards were given. 
. Harris, Jr., University of Georgia, 


Д 
^. An Illocutionary Analysis." 
ү. McKenna, College of 
nd Retenti ors in Learning 
"etention," and Ben B. Morgan; Jr., University of Louisville, 
Problem-solving Skill." These 
t merit presented 


ers of highes 
d the doctoral degree or who 


Earl A. Alluisi, University 
University of North Caro- 
“The Scientific and 


Orecip; Я 
;,Plents in psychology were Virgil 
“stylistic Fact 


Gerrit 
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Schipper, University of Miami, for philosophy, and Daniel Lordahl, 
University of Miami, for psychology. Cochairmen of the Program 
Committee were James W. Oliver, University of South Carolina 
(philosophy), and William Dawson, University of Florida (рѕу- 
chology). Cochairman of the Junior Awards Committee were Willis 
Moore, Southern Illinois University (philosophy), and Earl sd 
Alluisi, University of Louisville (psychology). At the annual busi- 
ness meeting, reports of the officers and of the several standing 
and ad hoc committees were received and accepted. It was an- 
nounced that the Council had accepted the invitation of the ye 
partment of Psychology at Washington University to hold its 
sixty-fourth annual meeting in Saint Louis, Missouri, March й 
April 1, 1972. 

The following officers were elected to serve during 1969-1970. 
Malcolm D. Arnoult, Texas Christian University, President; Dwight 
Van de Vate, Jr., University of Tennessee, President-Elect; E. M. 
Adams, University of North Carolina, Past President; William T; 
Blackstone, University of Georgia, Secretary. Andrew J. Reck, 
Tulane University, continues to serve as Treasurer. Douglas Brown- 
ing, University of Miami, and Donald S. Lee, Tulane University» 
were elected to the Council for three-year terms as representatives 
of philosophy. L. Ј. Peacock, University of Georgia, was elected {0 
the Council for a three-year term as representative of psychology: 
Oth er continuing members of the Council are John W. D2"/? 
Milton Н. Hodge, and Michel Loeb. r 

The sixty-second annual meeting of the Southern Society 9 
Philosophy and Psychology will be held on March 26-28, 1970: 7^ 
Durham, North Carolina, It will be hosted by the Department ° 
Philosophy of the University of North Carolina. 


University of Miami ! 
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THE ROLE OF THEMATIC RELEVANCE OF CONTEXT 
IN PAIRED-ASSOCIATES LEARNING 


By УупллАм Bevan and STANLEY C. COLLYER, 
Johns Hopkins University 


E 1964 paper in this journal, Postman and Phillips reported that 
associ context words accompanied 8 stimulus word in a paired- 
grou floes learning was retarded to the extent that these back- 
witl n stimuli were meaningful. Subjects receiving context words 
los A high frequency of usage required, on the average, two trials 
Aa to reach a criterion of 8/10 correct than did subjects given 
-frequency background stimuli. The authors hypothesized that 

t 6 Greater the meaningfulness of the contextual stimuli, the greater 
е likelihood of associations that compete with those prescribed in 
ii definition of the task. It should be noted, however, that the gen- 
n of context upon performance is unclear, since Postman and 
1р3 did not provide information on performance under a con- 


Low control condition. 
Kee experiment, whieh inclu epee 
Uli ar Жез in thematic relevance among meaning il з n en 
mie related to their effectiveness 10 influencing вош 10 | E 
o & агей the influence of contextual stimuli when they are rela e 
bang, focal stimulus word, on the one hand, and to "i ptn à 
Ween word, on the other. A consistent thematic re эрэн 
tual} Contextual and focal stimulus words provides a basi m 
Y reinforcing multiple associations Wl , 


ded control groups, asked if 


th the response Wor" 


* Reca; . wid 
formeg уед f icati “1, 1969. The experiment reported was P 
Payoh urap Гог publication Ара A 0163-0001 between the ЁОЛ 
Versity ОБУ Branch, Office of Naval Research, and The Johns 


of variable context on 


L 
the ео Postman and L illips, The effects 
ann ra W. Phillips, h : 7, 1964, 
6474 ^QUisition and retention of paired associates, this JOURNAL, ©) nes 
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a consistent thematic relationship between context and m 
words should constitute a general cue to the identity of the а ES 
The reader will undoubtedly find this study reminiscent of Pan'sc a 
sical study of context effects in learning? with procedural nent 
istics similar to those of Postman and Phillips, except that in bo 
present experiment a particular context word was associated ын 
only one stimulus-response pair. The purpose of the present study 
may be briefly summarized by these questions: In general, does con- 
text enhance or degrade learning? How does the ‘cohesiveness’ of the 
stimulus-context unit, as defined by the size of the smallest class of 
elements to which both words belong, affect the learning of a re- 
sponse to a member of that class? Is the ability of a word to serve as 
a contextual cue to a response related t 
cue removed? When contex 
what effect do they h 
this have for the role 


о later performance with the 

t words are present only as rote stimuli, 

ауе on learning, and what implications does 
of meaningful context in learning? 


METHOD 
Experimental design. Ten in 
are identified in Table I, whic 


major categories, according to 
the stimulus item 


dependent groups of Ss were employed. These 
h shows how the groups were divided into two 
whether contextual words stood in relation 10 


ere names of types of footwear, of flowers, of alco- 
ve vehicles, of meat, of houses of worship, of card 
In the Medium group the contextual items were 
‹ 1, but more general, relation to the stimulus or re- 
Sponse word (e.g, context words were types of articles of clothing, of plants, of 
sportation, food, buildings, games, animals, 609» 


ection,’ where interest, is in the extent to which 
timulus information from a complex array. The 


would be an atypical stimulus-selection paradig™ 

?Shuh Pan, The influence of context i ll, J. ezP 

ow 1926, ee " 98 98 upon learning and recall, A.W 
3 See, for example, B. - Underwood's chapt ing in A. "° 

Melton (ed.), Categories of Human Leta 1904, ae 

` 
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TABLE I 
EXPERIMENTAL DESIGN 
Example 
ЭГ ——= 
бы Condition Level of relationship 5 R 
ext related to stimulus (Cs) High (CsH) TIGER 
LION GIH 
Medium (CsM) ELEPHANT 
LION GIH 
Random (CsR) HAMMER 
LION GIH 
Invariant (Са) ——* 
LION GIH 
с Control (С=С) шох GIH 
Ontex 
ext related to response (Cr) High (СаН) TIGER 
он LION 
Medium (CrM) ELEPHANT 
GIH LION 
Random (САВ) HAMMER 
GIH LION 
Invariant (Сї) ——* 
GIH LION 
Control (САС) сн LION 


t Pronounce ‘nutshell.’ 


ni : 
hd о Maryland participated as paid volunteers in the : 
Materi ^ were discarded, consistent with the procedure described below. 

median " - The paired-associates material consisted of 15 English nouns 

and 15 scr T in the Thorndike-Lorge General Count was 7; range 1-AA) 

each Cs of low association value (range 19-24% in the Archer 1480) 5 For 

evel 2 3 lected at each of the three 
i i ibed above (e.g. LION—TIGER, PANTHER, 


Со, 
АВ, LE 
» LEOPARD ; LION—ELEPHANT, ZEBRA, GIRAFFE, GORILLA ; LION—HAMMER, МЇМ- 


APT й 

evels ai BUCKLE, cLock). The 180 context wor r 

Orge 1; frequency of usage, except for 8 few not included in the Thorndike- 
ze tist. А ; 

1 i : H 
tee was typed in black and mounted on white plastic cards for 
unctione од in a Hunter Card-Master, 8 device which performs the same 
Our q ns as a memory drum. For each context condition (except Invariant), 
ч bo of 15 cards were prepared, each deck containing the 15 S-R pairs, 
2019 " 15 different context items. For a parti ir across the four 
While ,Lontext appeared above the stimulus on two dec 


le à 
eck the response was located directly opposite the stimulu 
bove the stimulus an 


4 ms half the context items were 8! 
19447 L. Thorndike and I. Lorge, The T cachers Wordbook of 30,000 Words, 
ine d Archer, A ree ee OA of the meaningfulness of all possible CVC 
» Psychol. Monogr. 74, 1960 (Whole No. 497). 
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Each trial involved the use of one deck, and decks were used in 2 
that the first deck was used on Trials 1, 5, 9, ete. Each deck was го d el x 
every time it was used. In the Invariant groups the context е iu 
heavy black line above or below the stimulus, to which the S was pen for 
respond with the word ‘nutshell.’ Only two decks of cards were requi 
Oups. 

Е roupa The method of testing was that of anticipation. For all but on 
two Control groups, each combination of focal stimulus and context an in- 
posed on one side of the viewing apparatus for 5 sec. followed by a ev 
terval in which the Tesponse was exposed as well. Between cach parec acai 
ates sequence, 3 sec, intervened. S was requested to read from top to rs the 
pronouncing words and spelling out CVCs. If § was unable to wow 4-8 
response within 5 sec, he gave it when it appeared, Procedure for the 9 s 
groups was the same as for the other groups, except that the anticipation in 


-ontextual 
val was reduced from 5 to 4 sec., to compensate for the fact that no cont 
item was pronounced, 


A number of Ss failed to reach the 
rect) within the 1-hr. experime: 1 by 
were replaced by new Ss by means of à substitution technique developed " 
B. J. Underwood 5 The largest number of nonlearners in any group of 10 rk 
four; these Ss were replaced and the N of all other groups (except Cx гэн 
‚ and then reduced to 10 by excluding "HY 
arners, including ай nonlearners. The resultant 10 pn 
group were thus not representative of the entire population йш ae 
they were drawn but rather of only the upper 71% of that population. е 
was deemed unnecessary to add Ss to the Cx High and Medium ае 
since learning rates for these two groups were sufficiently greater than tho: 


! y differ- 
for the other groups that such a refinement was not necessary to show d 
ences between groups. 


; s : Р rained to 
Immediately following attainment of one perfect trial, Ss were retrained 


n . H 1 i p 
the Same criterion of 15/15 with context absent, This change in procedure v 
Introduced without prior warning. 


Вкнллз Ахр Discussion 


. Performance in the Control groups. Trials to criterion er 
Initial learning for all groups and during relearning for the MAD 
BTOUDS are presented in Table 11. A comparison of the two Contro 


groups provides information about the relative difficulty of the € 
under the C; and C» paradigms. It is seen that under either conditio! 
the average S achiey 


ed errorless anticipation of all response items In 
less than 10 trials or after about 25 min, of training, Furthermore, 
it was not reliably easier for 8 to respond to a nonsense syllable with 
a noun than to a noun with a nonsense syllable [t (18) = 1% 


z ГЭР" $ к . hat 
р > .05]. This is at variance with the common expectation гон 
associations are more Teadily formed when the initial member of 


EB, Jg. Underwood, personal communication. 


— 
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TABLE II 


TRIALS To CRITERION (15/15) as A FUNCTION oF LEVEL OF 
THEMATIC RELATION BETWEEN CONTEXT WORDS AND 
EITHER STIMULUS OR RESPONSE 


гэн Level of Initial learning ^ Relearning 
Condition relationship with context without context 
Context related 
to stimulus (C5) 
CsH High 10.1 1.9 
CsM Medium 10.2 1.3 
CsR Random 11.9 14 
CsI Invariant 10.4 
СС Control 8.6 
Context related 
to response (Съ) 
CrH High 3.2 9.0 
CrM Medium 6.0 8.1 
CrR Random 9.9 1.9 
Cul Invariant 10.1 
САС Control 8.4 


Fr Mon-word—nonsense-syllable pair is the nonsense syllable rather 
tan the word. It will be recalled that these data were obtained after 
vial four Ss per group had been discarded. Since, however, there 
gr Те No nonlearners in the original sample for either of the Control 
tort it is not necessary to discard data in order to make simple 
е ху Furthermore, the lack of differ- 
Nee between the groups prompted the testing of additional Ss under 
Зы Conditions to evaluate the validity of these results. чэн 
tee Control group raised to 18 (20 with 2 per group ee ^ 
wit] Densate for nonlearners in the subsequent sample), per T 
with the nonsense-syllable-common-word sequence was а an 
still the reverse order by 1.3 trials; this difference, however, was 
Rot significant [t (34) = 1.40, p > .05]. 
icant ne only speculate as to why this study | 
Dossi cifference in performance under these two с p 
“bilities come to mind. First, the requirement that S spell a 
ful i aloud may lessen the operation of stimulus selection as а мын 
maj Кару, Pronouncing all three letters as a unit could ape у 
f rit more difficult to employ the frequently preferred ыг ын 
Sti “using on а single letter (or at most, two) as the —— 
oe ius similarity increases task di 


fic Second, high interstimu p A Ы 
Чу Since a single letter is insufficient to discriminate between 


arisons between these groups. 


failed to find a signif- 
onditions. Several 


И В + т а 
Barby 5 Underw i lection in verbal learning, 1n C. N. Cofer an 
ээж Т Cae) Verbal Behavior and Learning, 1963, 35. 
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stimuli. In this study similarity among CVCs was moderately high, 
with four pairs sharing the same first letter, two triplets and a an 
with the same final letter, and up to four stimuli with the same mid- 
dle vowel. Similarity among nouns, however, was low, as the nature 
of the selection procedure required that they be quite different. in 
meaning. Third, it is possible that slight differences in the effective 
anticipation interval resulted from the likelihood that it takes 
slightly longer to pronounce three separate letters than it does to say 
& two-syllable word. This could mean less recall time available in 
the Cr condition, hence a reduced learning rate. It is difficult to know 
how much importance to attach to such a factor, but it is possible 
that it could account for these results. НТ 

Whereas по differences were found between the groups on initia 
learning, there was a highly significant difference on a single reversal 
trial immediately following the attainment of criterion. Here Ss 
were shown the response terms at the same presentation intervals 
and requested to recall the corresponding stimulus terms. The aver- 
age number of items correctly recalled for the Cs group, which now 
Teceived the CVC as a stimulus, was 13.6, while that for the Cr was 
108 [t (84) = 8.94, р < 001]. While no careful record was kept of 
the several types of errors which occurred, it was observed that Cr 
Ss frequently erred on only one of the three letters. Thus, it would 
appear that Ss originally learning CVC-noun combinations were not 


in fact responding to the stimulus term as a whole but rather to some 
portion of it, 


Performance with context and stimulus words thematically ne 
lated (the Cy groups). Table II indicates that when the themate 
relationship between context and stimulus words was minimal (9, 
when the context word had been randomly paired with the stim- 
ulus), performance was degraded about 40% [CsR vs. С,О: t (18) 
= 2.97, p < 011. However, when the context and stimulus words 
were thematically Telated, the interference associated with the pres- 
ence of the context word was attenuated. In the High and Mediut, 
groups, performance was degraded around 20% [CsH vs. CsC: 
(18) = 1.12, p > 05: СЫМ ys, CsC: # (18) = 1.72, р > 05]. The 


(88) = 2.16, р < 05]. 4 
These results are generally consistent with those of an earlier studY 


THEMATIC RELEVANCE OF CONTEXT 421 


b 

Жү ы ne involving the free recall of pictorial stimuli.” 
graphs of ^ Д »aekground (contextual) stimuli were colored photo- 
сай and teenie objects mounted on a plain white field. When fo- 
background <a stimuli were randomly combined or when the 
class of the " imali represented a broad category inclusive of the 
Was a relial € stimuli (e.g. dogs vs. common mammals), the effect 
ЯВ аон reduction in the mean number of focal stimuli recalled 
сео ой control group without context. When the focal and 
dogs) en puani were of the same class (e.g. different breeds of 
in ihe тог a slight, but statistically reliable, average increase 
Was БЕШ. wi of stimuli recalled. When an associative-recall test 
o онн" the number of focal stimuli recalled in the presence 
nthe odi айз alone was directly related to thematic relevance. 
ings of Pa pe hand, the present results differ from the earlier find- 
text > n, who reported that the presence of certain types of con- 
related t 8 impeded learning but found that context words logically 
Perform 0 the stimulus constituted a slightly greater impediment to 
ны baies than logieally unrelated words (1896 vs. 876 fewer cor- 
ный es after the same number of presentations of the 
o ieri иг test) .8 Pan did not account for the difference in level 
Goes Vibo ul i related and unrelated context words. How 
etween шинэ the present observation of a different relationship 
illis 1 iematie relevance and speed of learning? Postman and 
on Mi suggested that when contextual words are high in 
contexts, ulness, the likelihood is great that associations between 
жн and response items will be formed which compete with 
eee шо formed to the focal stimulus? However, this 
lito наа seems unlikely for the present data, since particular con- 
Tesult ЧО never appeared with more than one S-R pair, with the 
nios at associations, once formed, should have converged rather 

ds mpeted. Perhaps a more likely explana | А 
an d a unrelated to focal stimuli, served as distractions to 
Ose] ence retarded the formation of any association, while two 
spon, related words formed a cohesive unit to which a mediating 
5 se could be more readily attached. Put differently, Ss in the 
Sroup, in their desire to identify the ‘real’ purpose of the ex- 


me 


tion is that contextual 


el 


ionship between 


e of the thematic relati 
Behav., 8, 1969, 


түү 
focal ; Bevan and L. L. Avant, The rol 
J. verb. Learn. verb. 


а 
8519974 contextual stimuli in recall, 
а: Р 
9 овор. cit., 479-480. 
n and Phillips, ор. сїї» 72-73. 
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periment, may have spent time trying to discover a logical relation- 
ship between context and stimulus items. 

With respect to the general performance decrement for all three 
context groups, one interpretation—which is probably only partially 
adequate—involves the fact that S’s task was first to learn whieh of 
the two words was the stimulus item, before constructing an associa- 
tion between it and the response. While it is plausible that this would 
have resulted in an increase in trials to criterion, it seems likely that it 
would have added only about one trial to the initial learning SCORES) 
since a large number of Ss spontaneously remarked during Trial 2 
that they almost always could distinguish the proper stimulus wor 
from the context word. It is not clear whether this was due to their 
recognizing that they had seen the stimulus word before or to their 
failing to recognize the contextual item, which was new to them. 

| Finally, inspection of the relearning scores indicates that by the 

time the initial criterion had been reached, the task had been 
thoroughly learned and immediate retest without the context word 
present resulted in only minimal loss: 9 trials in the case of the 
high-relevance group and 4 trials in the case of the low-relevance 
group. Pan similarly reported no difference between his high- and 
low-relationship groups in 24-hr. recall. 


Performance with context and response words thematically "6 
зїйн (the Cr groups). The lower half of Table II reveals the degree 
to which performance was influenced when the context word хуй 
thematically related to the response. When the thematic relation- 
ship was high, performance was greatly facilitated, by 62% [Cnt 
vs. CaC: t (18) = 6.75, p < .001]; and when it was moderate, Pe" 
oe was better by 28% [CrM vs. CrC: t (18) = 2.58, Р 2 
e These results are consistent, with those of Pan. However, ca 

€ context and response words were randomly paired, the effe 


was t 1 et 
n P a a decrement of 18% [CrR vs. САС: t (18) = 1 


In the case of facilit; 


ation, the reason seems readily apparente T 
context word provides › 


Ня: a clue of greater or lesser precision for pos 
anticipation of the response word, The relearning scores clearly indi 
cate that Ss in the High and Medium context groups (Cx! 9^ 
CrM) did not acquire а strong association between the nonsense syl- 
lable and the response word during initial learning. When tes 5 
without context, they required virtually as many trials as SS in is 
Control groups to achieve errorless performance. However, Whe? ЭР 
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relation between context and response was minimal (САВ), scores 
оп relearning conformed closely to those of the Cs groups. Thus it 
seems obvious that S tended, when he could, to ignore the stimulus 
and seek out the context word as a eue to the response. 

The matter of accounting for the decrement in initial performance 
of the random-relationship group is somewhat more difficult. Cer- 
tainly, no portion of the decrement could have been caused by 
&reater available time to distinguish between context and stimulus, 
since the latter was a CVC. One possibility is that the greater 
Potency of high-frequency words as compared with low-association 
CVCs caused Ss to attempt first to form associations between the 
Context and the response items. It is also coneeivable—and this 
argument applies to the Cs groups as well—that interference may 
тае been produced either by the simple physical presence of another 
eges in the stimulus field in addition to the prescribed stimulus or 

y the requirement to pronounce the context word out loud. The 

Bvariant-context groups were included to test this possiblity. 


or st formance with Invariant context (CsI and Cyl). Inspection 
Table II suggests a decrement associated with the addition of 
? irrelevant word, ‘nutshell,’ as an invariant contextual stimulus. 
er and Cpl groups both required 20% more trials to criterion, 
m he average, than their corresponding Controls. These decre- 
ments Separately failed statistical confirmation [CsI vs. быб ё (18) 
а p > .05; CrI vs. ОО: Ё (18) = 1.48,р > .05]; however, 
n combined, 6 (38) = 2.13, p < .09. 

eee appears that the requirement to pron ae c 
Tes d, either before or aíter the stimulus word, before giving the 
B Ponse may have been responsible for some, if not most, of the 
Served decrement in the other groups. If the relevant stimulus 
x dy for eliciting a mediating response is at least partly its 
ü ditory quality or pronounceableness, then the introduction of 
А Rother word to be pronounced can reasonably be expected to have 
Istraeting effect. (Visual distraction can be considered to be mini- 
а oe since, it will be recalled, the cue to pronounce ‘nutshell’ was 
ack line, not the word itself.) Since the percentage decrement 

or Invariant-context groups, at 20%, was very similar to that found 
5 the other groups (except CsR), it is tempting to invoke this 
"al-auditory distraction hypothesis ав the sole factor explaining 

а rement in the other groups. However, one would expect at least 
Portion of the impairment in the latter cases to be due to the 


ounce an additional 


ma 
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necessity that S learn a discrimination between stimulus and sine 
The additional 20% impairment found in CsR could have heen 
to the other type of distraction discussed earlier, namely, 98 ээ 
tempts to discern a logical connection between the two words шон 
appeared together. This, furthermore, may well explain why Эрч 
who did not require word pronunciation, obtained a decrement in 
situation comparable to our CsR. T 

A logical correlate of the vocal-auditory distraction hypothesis 18 
that a context word pronounced between the stimulus and response 
should be more detrimental than one pronounced before the stimulus. 
This hypothesis was not supported by an analysis of the errors on 
individual presentations for both Invariant groups, in either early, 
middle, or final stages of acquisition. 


SUMMARY 


Ten groups of Ss participated in a study of the role of verbal ae 
text in paired-associates learning. For five groups, English oe 
served as stimuli, and the responses were low-association-va ы 
CVOs; in the other five groups, this relationship was reversed. bi 
context words were varied and only randomly related to the m 
stimulus, performance was significantly poorer than that of a ин 
group presented no contextual stimuli. When context items wel 
thematically related to stimuli, the context-induced decrement in 
Performance was reduced. When they were related to response termi 
identification of the response word was rapidly achieved. Howeve", 
in this latter situation little if any learning occurred, since retraining 
to criterion without benefit of context revealed performance - 
reliably different, from that of the control group. When the en 
was 2 single invariant word to be pronounced, performance bc 
Similar to that associated with other nonfacilitating contex ^ 
Strongly Suggesting the operation of vocal or auditory apace 
Finally, learning without context appears not to have been reliably 
more dificult when stimuli were nouns and responses were CV 
than for the opposite condition; however, after criterion was reached, 


: e 
Teversing the S-R relationship resulted in clearly better performan? 
for Ss then given CVCs as stimuli. 


FORM PERCEPTION WITHOUT A RETINAL IMAGE 


By Ївүгх Rock and Евер HALPER, : 
Institute for Cognitive Studies, Rutgers University 


One of the salient attributes of visual experience is extensity. Visual 
objects are extended in space; that is to say, the points making them 
Up are located in separate places. It has always been assumed that 
the basis of visual extensity, and hence of visual form perception, is 
Яв Tetinal image, which captures the information about the spatial 
extensity of the object in such a way that the separate points of the 
ject yield correspondingly separate points in the image. All theories 

form perception start with the extended retinal image as the 
Necessary first step. 

However, the phenomenal location of a point with respect to the 
server is not only a function of the location of its retinal image. 

8 position of the eye must also be taken into account. With 
Changes in eye position, a point in space which remains in a given 
Phenomenal location stimulates the retina in varying locations; 
vonversely, an image in a constant retinal location is perceived in 
gering phenomenal locations as the eyes move. In other morah, 

ere are two possible interpretations of the basis of extended visua 

rm: (1) in terms of the extended retinal image per se, 1n which 
ший Point is a local sign of а different location, the perceived form 
Жэнь the result of a synthesis of all these locations; and (2) in terms 
the Phenomenally experienced direction of each point in the ex- 
ged retinal image as that direction results from taking eye beet 
i (and possibly other information) into account, the perceive 
orm being 7 is of all these directions. Ordinarily 


oth interpretations are possible because the location of points in an 


хавиас image relative to one another will be paralleled by а cor- 
“sponding phenomenal location of these points relative to one 
‘nother, This is so because for any given position of the eye the 
€nomenal direction of the entire array of retinal points x 
Parently simultaneously interpreted on the basis of that eye position. 


* 
Pubi; сбүед for publication June 1, 1969. This research vas supported PY, a 
first 10 Health Service Research Scientist Award (5-K05-M tion of the ap- 
рам АЧ ог, We wish to thank Alan Gilchrist for the constructio. 

“tus employed mE 
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Thus, for example, dots a and b ordinarily give rise to two corre- 


a 
sponding images spatially separated on the retina and, if afterimages 
of a and b are formed, whatever the eye position, these images give 
rise to two corresponding phenomenal locations spatially separated, 
with a seen to the left of b. For different positions of the eyes, the 
radial or egocentric location of the pair a b changes, but their per- 
ceived separation and location with respeet to one another does not 
change. 

It is possible, however, to isolate retinal location from phenome- 
nal location as the basis of form perception by presenting succes- 
sively the stimuli that constitute the form. The experiments reported 
here attempted to achieve this isolation. The main idea was to have 
O view a moving spot, the path of which described a figure of a given 
shape. If O fixates and tracks the spot, and perceives the shape of 
the path, that perception can not be based on a retinal image of the 
path since no such retinal image is present; if, however, О fixates 
a stationary spot and perceives the shape of the path described by 
the moving spot (which does, thus, trace out a retinal image), the 
question at issue is whether that perception is facilitated by the 
presence of the retinal image; if, finally, O fixates the moving spot 
and perceives the shape of a ‘path’ described by a stationary spot, 
that Perception must be based exclusively on the path of the retinal 
image—i.e. it cannot be based on changing phenomenal location 
Since the Stationary spot would be seen to remain in a constant 
phenomenal location. 


Accordingly, a preliminary experiment required Os to note and 
then draw the shape of a pa 


а single luminous Spot with his eyes as it was moved by E along the 
regular plywood shape that was not visible to 0- 
fixated a stationary luminous spot centrally placed 
hape of the path taken by a second spot 
: às moved around the perimeter. Condition 
ar to Condition 2, but here O was required to track the 
shape of the path made by the retinal 
ary spot. In Condition 1 the retinal locus 
| ained constant while changes in phenomenal 
location took place. If an extended image is a necessary faetor in form 
perception, Os should have had no impression of a shape. The ap- 
prehension of shape in Condition 2 was a function of changes 10 


(of a different color) as it w. 
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both retinal and phenomenal location. If an extended image is a 
factor in form perception, Ox should have done substantially better in 
this condition. (Of course, it must not be the case that the moving 
Spot is displacing so rapidly that its entire path becomes visible as a 
result of afterimagery, like the path of a cigarette moved very 
rapidly in a dark room. The shape of that path would be given by a 
Simultaneous! image.) In Condition 3 only alterations in retinal 
locus occurred; there was no change in the phenomenal location of 
the Stationary point being judged. If an image is a sufficient factor 
Ш form perception, the shape of the ‘path’ should have been per- 
ceived, 

The Os’ drawings under Conditions 1 and 2 were fairly accurate, 
and there was no evident difference in accuracy between the two con- 
ditions, On the other hand, most Os in Condition 3 were unable to 
Produce a recognizable representation of the path. These results 
Clearly argued in favor of phenomenal location as the critical 
factor, But one can criticize this experiment as not-relevant to form 
Perception: Os did not have the impression of seeing a figure of а 
Siven shape but rather of seeing a spot tracing out а path, which 
Path had a given shape. Furthermore, the path can be held to be m- 
erred rather than scen. We thought that this shortcoming was а 
function of the relatively long time required for the spot to traverse 

te entire figure. In the experiments described below, we sought to 
Overcome this difficulty by employing а different method of succes- 


si à 
Vely exposing the parts of a figure. 


EXPERIMENT I 
адад : i iminary experiment were tested 
i ; The ons of the preliminary ехр | c : 
vids dun figures. À narrow vertical slit, 26 in. 
"c ly moving endless belt running over 


twi ў М s imately 
Wo cylinders, The belt moved over 2 luminous single-line figure Reed 
wer ша (see illustrations in Figs. 1 and аа 2i Генч МН 
: Us able to expose the entire figure at a high speed & À 
"Че whi isis; aint Эй Ü i luminous element be 
‘hile meetin тетеп that only a discrete ^u 

g the requiremen А i awaits 

Presented, The slit ыз coe once over the figure. 0 was Peu ded 
n Condition 1, O was instructed to track the luminous element, 2 


i 1 jonary 

viele Se was visible, In Condition 2, О was instructed to fixate ы 
o Uminous spot % in. in diameter. The spot was placed 2 жи em 
Strip centered with respect to the two ends of the ee ee ын. 
8 slit behind, In Condition 8, О was instructed to track t : ee ee 
Чї to note the shape of the path of the violet spot. Бас E MR 
gures, one for cach of the three conditions. The see ee Lo 

a i A iscriminati cognition task emp!o) 
tect domly varied. А fine-discrimination recognitio Lie Ped su 
Bure and nine similar alternatives arranged in а 


different technique of exposing the 
X 3 in. high, was cut in a horizontal 


lastic 
Ovin 


Tee 
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required to identify the correct figure on the recognition chart after each fig- 
ure was exposed through the slit. . 

Observers. Twelve undergraduates served as Os. They were naive with re- 
gard to the purpose of the experiment. 


Results. In Condition 1, eight Os were able to identify the shape 
correctly, and one O identified it correctly when given a second 
choice. In Condition 2, eight Os were able to identify the shape gar 
rectly. In Condition 3, only two Os reported seeing a path ‘traversed 
by the stationary luminous spot, and only one of these correctly 
identified the shape. It should be pointed out that in Condition 3 a 
correct identification required the selection from the recognition 
chart of an alternative that was the inverted mirror image of the 
path traversed by the exposed element. This was the case because the 
path of the image of the stationary spot over the retina is reversed 
with respect to the path of the image of the ‘moving’ element. 


Discussion. It would seem that the apprehension of shape is to 5 
great degree dependent upon information about the successive 
changes of phenomenal location of a single point. The wide difference 
In performance between Conditions 1 and 3 indicates the importance 
of the phenomenal factor. As a result of the factors responsible for 
position constancy, the retinally displacing spot in Condition 3 was 
not perceived to have moved and therefore yielded no impression 0 
а path. It is noteworthy that in Condition 3 there was a tracing of an 
image across the retina although no shape was apprehended. The 
results of Condition 2 Were consistent with this interpretation in that 
the addition of retinal changes of location to the phenomenal changes 
of location did not enhance performance. 
on What extent did our improved method of presentation obviate 

e criticism that we were not investigating form perception? The 
answer is that it eliminated one criticism but not the other. With the 
эх procedite, the Os in Conditions 1 and 2 did perceive the path of 

ill dig n8 element of light; they did not have to infer it. But they 
still did not have the impression that they were looking at a figuré 
the parts of which were being successively exposed. Therefore one 
might say we Were here studying path perception rather than form 
perception, if the latter jg defined in terms of the phenomenal ex- 
perience one normally has in viewing a figure. 

At about this time, a brief paper by Parks came to our attention.” 
In it Parks reported that When an outline figure is moved at 4? 


* T. E. Parks, Post-retinal visual Storage, this JournaL, 78, 1965, 145-147. 
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optima : 
Хиагтыг Ий behind a narrow, stationary slit, the entire figure is 
studied " 25 somewhat foreshortened, an effect that had been 
cluded that th BRE and Helmholtz in the last century? Parks con- 
retina with Pi iere columns of stimulation projected onto the 
Postretinally Escape extent (beyond the width of the slit) are 
Yield а esi E єг ed and then reconstructed spatiotemporally to 
tween the eae! of the whole figure. There are certain similarities be- 
Experiment 1 = employed by Parks and the method used here in 
into view th Г п both cases, the parts of a figure successively came 
ences, chief m a narrow slit. There are, however, certain differ- 
Ma dark ace which are (a) presentation of a luminous figure 
Movement ie vs. presentation of a line figure m the light and (b) 
hind the slit the slit over the figure vs. movement of the figure be- 
eh. ae difference, it seemed obvious that if the moving- 
should do od led to an impression of 8 figure, our moving-slit method 
assertion ; so all the more easily and reliably.? The basis for this 
00 of t is that with our method, the phenomenal locations relative 
he parts of a figure are successively revealed whereas this 18 


Rot th | 

under} case with the moving-figure method. In fact, the mechanism 
Slit is i ing figure perception when а figure moves behind a stationary 
51015 not at all clear unless, as has been claimed in two recent papers, 


18 a i HAT ips 
n artifact of eye movements resulting in & “painting” of an 


2р 5, 
‚ 25 

Pogg, Ает, Ueber eine neue art anor 
en ant 117, 1862, 477-484; Н. vor Helmh 
it Tencara ка. J.C. Southall, 3, 1962, 251. Recent x 
circular оор in which Os were presented wi figure that moved behind 8 
Sion op Aperture. The aperture was large enough, to permit simultaneous vf 


° 

Mage st Tiam of the cross figures he wc this research 

s entire form was always resent. The purpose © his reses 
ЖАР ss P jelded impressions that must 


to 
Occur 1, Pi mulate the successio of foveally У 
ot sh е t Xating the various parts of an extended form in everyday life an 
Ч he К such a succession О impressions can be organized into а schema 
184 by ire figure, This technique is analogous to the moving-figure metho 
іа е öllner, Helmholtz, Parks, and others. See,» E. Hochberg, In the 
ча Pod in R. N. Haber (ed.), Contemporary Theory and Research wm 
fa Койоугарбоп, 1968, 309-535. АРЫГ cod 
хо "hie ис the publication by Parks, ОР. cit., an investigation р 
a Not t| he moving-slit method was used (although the reason for doing 50 
of таве? Se same as ours). See R. №. Haber and L. S. Nathanson, 
Met}, 166 ome further observations ОП, Park’s Camel as seen 
method сэр Percept. & Psychophys. 9 1968, 349-355. Gibson 
а figure 8 test he devised for pilots: successive presentations 0 
r test, 81е Seen through a narrow slot that moves over the figure. 11 
in Ualize’’ th, single moving spot describes а complex path. The Оз ability to 
RE Alternativ, form or the path is determined by a recognitio : 
Search, 1947 patterns. See J. J- Gibson (ей), Motion Picture Testing an 
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image of the figure on the retina as the figure is revealed naa en 
slit.* In point of fact, when in preliminary work we tried ou E: 
method with our figure and with lights on, it did generally lead ыг 
accurate impression of the figure and with greater reliability thane on 
the moving-figure method. It was thus evident that the first pe 
ence, namely dark vs. normally illuminated room, was crucia ib 
whether or not O has the phenomenal impression of a figure. 
therefore decided to use our method of moving a slit over a € 
under conditions of full illumination. The hope was that this went 
come closer to duplicating the experience one normally has m per- 
ceiving a figure despite the conditions of successive presentation. 


EXPERIMENT II 

Method. The method was like that of Experiment 1 except that the кылгыз 
were drawn in ink on a white background rather than being luminous and ын 
the room lights were on. Condition 3 was discontinued because it was ын 
from Experiment I that it did not lead to perception of a path and because yon 
new procedure introduced to yield figure perception could not be expected 
do so for an isolated stationary spot not seen within a slit. Жы 

Observers. Thirteen undergraduate students were used. They were naive 
with regard to the Purpose of the experiment, 


Results. Twelve of the Os in Condition 1 saw a line figure, and F 
of these correctly identified it on the recognition chart; two more di 
so when given a second choice. In Condition 2, ten of the Os Bum 
line figure and five of these identified it correctly; two more did 80 
9n their second choice, The Os who did not sce a line figure ap- 
parently did not sce a spot traversing a path cither; instead, they 


5 ; Жор 5 J red 
saw a spot moving up and down within the slit as the slit move 
sideways, 


Discussion, Virtually 


all Os perceived a line figure, and a good 
number did so with 


sufficient accuracy to identify the figure in the 
- The recognition test apparently was a difficult one. 
experiment where the entire figure was exposed 
for 4 sec., only nine (of aj] 13) Os identified it correctly on their first 
choice. Again, there Was no advantage provided by Condition 2, 


‘See 5. M. Anstis and J. Atkinson, Distortions in moving figures viewed 
through a stationary slit, this 


JOURNAL, 80, 1967, 572-585; Haber and Natha 
son, loc. cit. However, we have reason to believe that this effect is not 
result of retinal “ painting." 


Oving-figure method, what is Scen is generally a п 
j ure presented (compression or expansion). We 1 wd 
observed a very slight distortion (compression) with the moving-slit ше» 
atives offered in the recognition test. үг, 
more difficult to find the correct fig 
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where an j 

be emph „шои figure was traced over the retina. The result to 
ае а 7 m 2 Condition 1, in which the prevailing experi- 
moving point in Co 225 in contrast to the experience of only a 

This result i 5 " ition 1 of Experiment L 

than a small os КЕ form perception without a retinal image (other 
Succeeded in 22. region), if it was indeed the case that O had 
the slit, Tf. ] ds ving the element of the figure revealed through 
tively stil] wer even, despite instructions, O had held his eyes rela- 
retina, Two iim бы д of the figure would be imprinted over the 
have mere теча studies employing the moving-figure method 
time, ive. “ine : a: a figure is seen only if the eyes move at the same 
in one of these pe igure percept depends upon an extended image; 
Moving-slit шан udies the behavior of the eyes was noted in the 
eyes remained hod as well, and it was concluded that only if the 
Ver the retin: mere or less stationary and an image thereby iraced 
Would seem - Aves there a genuine perception of a figure? This 
Were doing ; o be in direct contradiction of what we believed our 08 
important (o Condition 1 of Experiments I and II. Therefore it was 
element. o establish that our Os were indeed tracking the exposed 


Method Experment Ш 
ing the The basic plan here was to require О to track the small element 
While we pis of a slit moving over à stationary figure as in Experiment TI, 
йн Брала tee eleet roculogram recordings of the movements of his eyes. 
“Ith two Di Eye position was recorded with а Beekman Dynograph equipped 
9884 a 156 irect-Current Nystagmus Couplers (Type 0859), an event marker, 
trodes (10 interval timer. The Es also saw that Beckman miniature skin elec- 
Dora] "ed mm. diameter) were applied with adhesive collars to (a) the tem- 
Dove and ын the socket of each eye. (b) the vertical midline immediately 
T activity clow the right eye. and (с) 25 ground, to the lobe of each ear. Ocu- 
pendent mad 2 horizontal and vertical axes was thereby recorded on 
Rog aucune 
42 шон for displaying the lin 
tate ical фен ina. cut in the Мены 
© эң. вий» dat was 24 in. in diamet 
the 101. It S e vertical shaft with speec 
the Tim of the * rotated in one direction ОГ 
fig Dlastio pir drum was a stationary white 
a Was ibus On the front of each stan 
exeo nents. The 1, тд in. in length, and of 
*d the | e height of each of the three $ 
height of the slit. The figures were constructe 


ructed. A slit 4 М in. 
tic rim of 8 vertical 
high. The drum ro- 
eans of & Variac 


е figure was const 
-thick opaque plas 
er and 6 М in. 
| adjustable by m 
oscillated back and forth. Behind 
stand, comparable in curvature to 
d а !&-in.-thick single-line curved 
the kind used in the preceding ex- 


timulus figures employed did not 
d to have relatively 


в 
Hab, 
er Ч 
and Nathanson, loc. cit. 
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gradual slopes. In this way, only a single discrete element was revealed in 
slit moved over the figure. An event marker recorded the onset and ter А 
tion of the excursion of the slit across the figure by means of brush Eo ee 
the inner plastie surface. The duration of each exposure was recorded by mi E 
of a constant-interval signal. For the single-exposure trials the figures w per 
versed at a rate of approximately 3 % in, per sec., yielding exposures of а "ur 
2 sec. per figure; for the oscillation trials the values were 7 in. per sec. an: 
Sec. per figure respectively. 

Poner [^] € seated in a chair 3 ft. from the apparatus; his head fixed «à 
means of a bite plate, Following the application of electrodes, a дш 29 
riod of electrical stabilization elapsed before beginning the trials. Sing en a 
posure trials. Prior to each exposure, the slit was in a stationary position 25 
vealing the beginning of the figure. O's attention was directed to the slit and 
the single element visible therein. As each figure was first presented for on 


: ез : int in order 
exposure only, this method provided О with an initial fixation point in o 
to facilitate ace 


extended line figure were presented with we 
ich they indicated their choice. This procedur 
? three figures presented to O. di 
—Oscillation trials, Single-exposure trials often leave something to be i 
sired as far as figure perception is concerned. For many Os there is an urge 45 
continue looking at the figure being uncovered in order to be sure of the n а 
ture of their experience. There 18 little question that for many the iae 
of a figure improves with repeated exposure, as if the percept requires pero 
be construeted, For this reason, following the eye-position recording of d 
Single exposure, two Os were permitted to view the figure as the slit шимж, 

ack and forth Over it, and as eye position was recorded. They were again bo 
to track the element seen in the slit. Two additional Os were included who 
Were not given the Single exposure previously. 

Observers, Seven undergraduates with normal vision were employed. They 


m а i , 
Were naive with Tegard to the purpose of the experiment and were paid fo 
their participation, 


Results: Single exposure. Considering first the eye-position ave 
all Os successfully tracked the element in its horizontal component ps 
displacement, However some Os were better able than others 


track in the vertica] direction; Fig. 1 is an example of such fairly 
accurate tracking. The differen 


tracking is understa 
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Ч Fi 
‚2160 
axis, Hehe emarcation, beginning (а 
g ed and left [1]; slope of 
up [u] ment of eyes as slit moves rig) ^ а 
this ЕЕ down [d]; since 2 indicates eyes keep pace with slit, 
Me ordine should mirror shape of figure ‹ 
RD vertical direction; recording shows quite accurate 
acking; 4. Interval marker, 1 sec.; 5. Figure presented) 


]d not be antic- 


dis 
plac 
ement of the element, on the other hand, cou 
downward, the 


Wate 
ange and when the figures sloped upward or 
Was quite rapid. 
hile ы question was whether the Os perceived a line figure 
acking. Eleven of the figures presented 


8 : н 
» three figures each) were perceived as line figures. 
{ perceived, О generally perceived an 


the slit.) In six of these cases, 
ding reflected 
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accurate tracking, thus demonstrating form perception in the nol 
sence of a retinal image. In the remaining five instances of ан. 
perception, the records revealed accurate tracking in the horizonta 
direction but not with regard to vertical changes of the element. 
Finally, when both horizontal and vertical tracking were accurate, 
correct recognition occurred in four out of six instances. In the eases 
of accurate tracking in only the horizontal direction, two of the five 
figures were correctly identified. The failures of recognition Ex 
probably attributable to the high degree of similarity among alter- 
natives. | | 
—Oscillation exposure. All Os accurately tracked the horizonta 
component of the element's displacement, but few did so for the 
vertical component. With the speed of the slit even greater in 
condition and the added strain of continual tracking, the failure wi 
‘vertical’ tracking is understandable. Fig. 2 is a representative an 
taken during oscillation, Figure perception was excellent under she 
oscillation procedure. Of 12 figures presented (four Os, three figures 


each), 11 were seen as line figures and 10 of these were correctly 
identified. 


Discussion. In the single-exposure procedure, those instances 5 
which the Os tracked accurately in both the vertical and horizonta 
direction and perceived figures which they could later identify, 
clearly demonstrate visual form perception with no more of an et 
age than a small foveal region. But we feel that each instance 0 
figure Perception (in which all Os tracked accurately in the ia 
zontal direction) is also clear evidence of form pereeption not base 
on а retinal image. In these cases the only variation in retinal stimu- 
lation was confined to the columnlike projection of the slit. One сай 
hardly account for the perception of the figures we employed on the 
basis of an image of a small Spot moving up and down a narrow 
column of retina. The Success of horizontal tracking, together with 
the excellence of figure perception under the oscillation procedure, 
is further evidence that form perception is correlated not with the 


shape of the retina] image but with the Phenomenal locations of 
the displacing element, 


SIMULATION METHOD 

It is possible to simul 
stimulus conditions seem 
fills the width of the slit 


З е 
ate a line figure being uncovered, since EA 
to consist of a small element that Miis ai 
and moves up and down as the slit mov 
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5s AN 2. 


Fic. 2, Бүв-Рохиох Dats: OSCILLATION TRIALS 
left [l] of figure; 2. Horizontal 


Figu 
axis, ы aa right [r] and 
[r] and left [l]; recording shows several back-and-forth 
t oscillates; 


mov : : 
эуез of eyes keeping pace with slit as 1 
. Vertical axis, up [uJ and down [d]; recording 


indicates little if any tracking in vertical direction ; 
4. Interval marker, 1 sec.; 5. Figure presented) 


by means of a thin wire, perpendic- 


and for 
d forth. We achieved this 
e slit, on the side away from О. 


Ё 
o tl 

зц а ай surface containing th 

< ce of black cardboard was affixed to the end of the wire 


Teetly hah: 
act, ЕД behind the slit so as to approximate the way a segment of an 
, i would look when seen through the slit. As the slit moved 
Ode ov. orth, the wire went with 16 but an unseen part of the wire 
Simulated а cam, or cutout, having the shape of the figure being 
Wn as th Thus the element seen through the slit moved up and 
Tange f he slit moved sideways. Although it would be possible to 
or the slope of the element to change—as it would if a 
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Л essary to 
figure were being revealed—we found that it was not nec 

эл : : optimum 
ps the surface containing the slit was moved E ii pur 
rate, the impression of a line figure was as vivid ii ftne disi 
анж is being uncovered. Interestingly enough, the oe figure being 
of the element was congruent with the part of мй a к 
perceived at any moment although, in fact, the нэлээн id BY 
remained constant under the conditions employed. ? € in дийг 
the simulation method also failed to yield figure percepti 
field procedure. 


Discussion 


" ied in Ex- 
To what extent, does the kind of figure perception сүслэн might 
periments II and III typify ordinary form тани Рн hension via 
be inclined to say that we were studying form appre small seg- 
inference rather than perception of form because = this would 
ment of the figure was seen at any one moment. Actua d ffairs with 
be an incorrect statement, confusing the physical state Е-е of 
the phenomenal. Physically, it is true that only a sma examples 
the figure was present at one time, but there а ors or 
in Perception of temporal integration, e.g. hearing = rotation 
experiencing a solid three-dimensional object based on hese experi- 
of its two-dimensional shadow. No one would consider the 
ences nonsensory, At a 
experienced а visual for 
tinguishable from ordi 

ave been aware the 

moment, 


” r the 
ә 5 $e c age ove 
As far as explanation in terms of a "painting" of an imag 


o be 
. " 1 seem % 
retina is Concerned, our eye-movement, recordings would 
unassailable evidence 


5 до 80, 
the moving slit and, unless instructed to 


is tracking 
ir eyes still. They imply that an O who is ба 
can correctly judge the gs 


integrating “successive ine 
but that such Judgment i 
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Perception that occurs if a “painting” of the image is possible when 
the eyes are stationary. Our results on tracking indicate that an 
extended image is not necessary for perceiving form; the negative 
Outcome of Condition 3, Experiment I, further indicates that an ex- 
tended image is not a sufficient basis for form perception. Still, the 
Possibility exists that an extended image may contribute something 
9 the accuracy or vividness of the pereept when the conditions 
Necessary for figure perception are present. Os have occasionally 
commented that they see a figure more readily and more vividly if 
they hold their eyes still than if they track the moving slit. This was 
Particularly evident using an apparatus constructed after the com- 
Pletion of the experiments described in this paper. In this apparatus, 
lack line figures are seen on a brightly illuminated milk-glass panel. 
is quite possible that these Os’ improved percepts were based on an 
afterimage of the sharply contrasting element that was traced over 
е retina when the eyes were stationary. The speed of the moving 
Slit is obviously a factor here. Such an afterimage would of course 
Provide a more or less simultaneous image of the entire figure and, 
therefore, the improved percept would be expected. Haber and 
athanson’s finding may be based on such afterimagery. : 
tis also possible that the eyes may behave in а particular fashion 
as a Consequence of perceiving а form. Consider the case of a moving 
Sure behind a stationary slit. If, for whatever reason, О does see а 
orm Moving through the opening, it is natural for him to move his 
eyes in order to remain fixated on a region of the figure. This is what 
€ Would do if the entire figure were visible during its movement. In 
Ne case of a slit moving over а figure, it is only by holding his eyes 
Still that O can манетны fixating а region of the figure. Thus the be- 
— of the eyes in these situations may be an effect of rather than 
Tue of figure perception. | > . 
1 this connection it is interesting to consider the failure to obtain 
Senuine figure perception in Experiment I, where luminous figures 
Were seen in a darkened room. If retinal “painting” explains figure 
perception through a slit, why did it fail in this case? If anything, 
tho ould be easier to hold the eyes still during this procedure, since 
8 entire moving surround was not visible. Furthermore, in two of 
bee experiments, instructions to hold the eyes still пари 
@ ТӨР Tesulted in improved perception of the figure despite P 
ies E" of an image thereby introduced, and in those experiments 
Which included Condition 3—a pure test of the role of a traeims of an 


age over the retina—a line figure was never perceived. Condition 3 
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— . "e our 
duplieates what happens all the time in nay ia 223 pow po 
eyes. The images of all things sweep across the ret aha taken by 
this never lead to an impression of the shapes of the pe шим bé- 
these moving images? Then too, when O views a 2 sesults 
hind a narrow slit, the vertical component of the d : d the left- 
from the up-down displacement of the figure n Sip- 
right component from the alleged horizontal eye а “aro, 
pose both components are generated by eye movements, se it is no 
ing O to move his eye along a curved path. In er ai remain 
longer necessary to move the figure, and a segment of i i. sani iiot 
in view while 0 moves his eyes, Clearly this а “рашї- 
produce a figure percept, and one wonders how the retinal-"] 
ing” advocate would account for the failure. . 'e perception 

How do we account for the failure to obtain figure Р "e some- 
under the dark-field procedure of Experiment I? We ee the 
thing more is involved in figure perception through Ж sli ‘We have 
presentation of a succession of phenomenal le эрээ” 
reason to believe that what is crucial is the impression | pad -— 
viewing through a slit an object which is being SUGCESSIVELY "i sub- 
and we will present evidence in support of this claim rs д-во 
sequent paper. This impression is not possible under heer 
procedure because the slit is not seen per se, only successive m n 
of the luminous figure. That the difference between dark an iris 
procedures is not merely the presence in the light of cues шаа is 
the microstructure in the figure or the paper being unco и as 
evident from the fact that we have been able to obtain -— 
ception with a simulation method. Assuming we are correct m на 
out retinal “painting” as an explanation, the simulation sti 
makes it dramatically clear that figure perception through a.na slit 
slit is the result of a mental construction. A line figure behind Ше 
is a parsimonious ‘solution’ to the problem of what these t 
stimulus conditions represent, in the world. The necessity of cá ure 
the element fill the Slit, or, otherwise expressed, of seeing the онд 

i » Suggests a cognitive factor in the аш » 
ever, be noted that not ай Os see a line figu 


| — 
Tceptual phenomena the stimulus 125 "^ 
Which have been thought to depend on the state of affairs 0 
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retina, F : 
sult ада stroboscopic movement had been thought to re- 
by Sicha a stimulation of separate retinal loci. Grouping 
imity of бе кеби мэ to depend upon the relative prox- 
hange in appearance of dis the stimuli entering into the grouping. 
the result of атаң a d cei figures had been thought to be 
Ura: Tn аЙ these e: ыг е orientation of the retinal image of the fig- 
of affairs on rs á i es, there is now evidence that it is not the state 
state of utei Fes that is relevant, but rather the phenomenal 
in stroboscopic | їе вараш perceived location of the two stimuli 
grouping 9 nov cement, the perceived proximity of stimuli in 
figures 10 A s the perceived change in orientation of disoriented 
the retinal j^ we see that visual form per se is a function not of 
of the o ation but of the phenomenal location of the elements 
If тейи], 
vided е tonsils either of the typical simultaneous kind pro- 
Painting rs Sag or of the successive kind that occurs in retinal 
arises чрй " p necessary for phenomenal extensity, the question 
an extended ne = of the retinal image. A suggested answer 18 that 
Cation of all кш k makes possible the simultaneous phenomenal lo- 
Can Perceive parts of a figure. This has two ramifications. First, we 
f an entire figure—or, for that matter, an array of figures 


n a si 
si : à : 
ngle glance. Second, the impression of form is probably more 


accu 
curate : : 
and certain than can be the case when successive presenta- 
because there is no 


lon 1 
teed. ye ea in the experiments reported here, ) 
Scation a On memory. A retinal image permits more accurate 
simultaneo points with respect to one another because all points are 
extensity e given. That it is the simultaneity rather than the 
out by “lle the image that yields this probable benefit is borne 
long 1 ный ack of any difference in our experiments between Condi- 
Sentation d 2. The reliance on immediate memory in successive pre- 
e slit f undoubtedly explains why too slow à rate of movement of 
ails to produce a genuine perceptual impression of а line 


Bure, 
8 
1, R 
phenomena] and 5, Ebenholtz, Stroboscopic movement based on change of 
A 4l location rather than retinal location, this JovnNaL, 79, 1994, 
4 OR "WC 
Eo eck and L. Brosgole, Grouping based on phenomenal proximity, 


ms on the retina and in the environment, 


a OURNA 
9 NAL, 69, 1956, 513-528; I. Rock and W. Heimer, The effect of retinal 


195 Phen, у 
5 93 S penal orientation on the perception of form, this JOURNAL, 70. 
1; I. Rock and R. Leaman, An experimental analysis of visual 


е 
ТУ, Acta Psychol., 21, 1963, 171-183. 
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SUMMARY 


Experiments were performed to isolate the phenomenal from 
the retinal location of a set of points as the basis of form perception. 
In Experiment I, Os either tracked a ‘moving’ luminous spot or 
fixated a stationary spot while observing the path of the moving one. 
They perceived the path as accurately in the first case as the second, 
despite the absence of an extended retinal image, and presumably 
did so on the basis of information via eye position concerning the 
varying phenomenal locations of the moving spot. It was also shown 
that variation of retinal location in the absence of variation of phe- 
nomenal location does not yield an impression of a path. Thus retinal 
location is neither a necessary nor a sufficient basis of form percep- 
tion. 

A limitation of Experiment I was that a path was seen rather 
than a line figure. With the Toom lights on in Experiment II, how- 
ever, Os viewing a line figure successively uncovered by a narrow 
moving slit did perceive a figure even when tracking the small re- 
Bon visible through the slit, The effect was also obtained by a simu- 
lation method in Which a small element filled the slit and moved up 


ments established, in Experiment III, that Os were tracking when in- 
Structed to do so and, thus, that, form perception without an ёх- 
tended retina] image is possible. Since the same technique failed to 
produce a line-figure Percept when the figure being uncovered (or 
simulated) was luminous and viewed in the dark, it was concluded 
that a necessary condition js the impression of something being un- 
Covered behind a slit, Finally, it was suggested that the advantage of 


an extended retina] image lies in its simultaneity rather than its ex- 
tensity. 


THE DIMENSIONALITY OF 
SIMILARITY JUDGMENTS 


By Lenn 5 " 
y Lennart 8лбрєвс, University of Uppsala, Sweden 


The pr : 

of байар study investigated the dimensionality of judgments 
imensional Ын the generality of certain relations among uni- 
old in sty i caling methods—relations that have been found to 
than pubs = see variables characterizing single objects rather 
izing pend phe ros Similarity is, of course, à variable character- 
Similarity jud objects; and the question of the dimensionality of 
‘Ae basic mI involves at least two, quite different, aspects. 
Similarity (of em 18 whether jt is at all possible to measure the 
iven that к эрч of objects) for one individual on one occasion. 
Structure ёр h measurement is possible, we may inquire into the 
itdgments, 8 inter- and intraindividual variability of similarity 
е results qe structures may be described in spatial terms, and 
Spaces in e. such description are called second-order similarity 
: nis paper. These second-order spaces, then, involve a set 


Spo 
z milari 
arity scales generated by different individuals, or by one 


тауу 

du : 

al on different occasions, or both. Each such scale can be 
lus objects. Such an 


na] 
na esae. spatial structure of the stimu j 
estions ^ d give a first-order similarity space. Noting that the 
ceived in ын second-order and first-order similarity spaces as con- 
is paper arise only if the basic measurement of similar- 


У is : 

Зи Ssible, we turn now to a more detailed consideration of the 
ment problem. 

bility of measuring similarity 

little data directly bearing on 

t common way of attempt- 

be to use category judgments of 


Simi 
nilari i 
as 5 ity measurement. The poss! 


o Jv 
e dance similarity seems to 
Shepa d arity of pairs of stimuli. For example, both Attneave and 
milarities necessary ог 


5 1 . . 
spatial 279 discussed the properties of si 
representation of stimulus objects, 


* 
Rece; 

ed ied for publication November 8, 1968. The study reported was SUp- 

Erant from the Swedish Council for Social Science Research. The 

to Mr. Lars Bergman for experimental and 
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unidimensional similarity scale was available. Tucker ши. 
have suggested a method for analyzing similarity магад + Vi 
mentioned later in this paper; here it is sufficient to note t а ie al 
method also assumed the existence of a unidimensional sea that 
similarity for each individual. Indeed, it is probably fair : мл гэ 
the great majority of both theoretical and empirical wor £ sues ЛО 
larity has utilized category judgments, tacitly one ant 
yield meaningful measures of similarity, However, similari dn of 
ods explicitly recognize the possibility of oe. 
objects. Therefore, it appears somewhat unsafe to assume pecia a 
Sionality of similarity Judgments in this sense. The —— ээ 
should be subjected to empirical test. True, evidence may be a: 
sented for the thesis that unidimensional scales can often be eii 
cessfully constructed? but all the studies cited in favor of this с 
tion were concerned with scaling single objects, not pairs of obj 

as is the case in Similarity studies. | rs Bagni 

In previous Work, three criteria of unidimensionality have 

used: tests of transitivity of paire s ier 
dimensional scaling models, and comparisons of scale эн 
sulting from the use of different response modes, such as n ыг 
estimation and category judgments. The present study шин E E 
analysis of transitivity may casily Шу 
level and was, hence, the most шинэ 
y the fit of Scaling models and to mae 
ires more stable data, in the present pons 
achieved by means of pooling data for a group of subjects. ЧЫЗ 
and comparison of response m0 
mative than data on transitivity. 


: uni- 
d comparisons, tests of fit of 


Second-order similarity Spaces. As mentioned above, gerond 
der spaces result from variation between individuals, or rue 
or both; апа they refer to pairs of objects. Tucker and Mes dy- 
Suggested the use of component analysis of cross products for a 
ing the Second-order Spaces generated by judgments of simila йг 
or difference, They interpreted the components as “points of vie 


| - 556; 
ТЕ. Attneave, D of similarity, this Journan, 63, 1950, up 
R. N. Shepard, Attention and the metric structure of the stimulus 
J. math. Psychol, 1, 1964 54-87 
2 


: 4 xulti- 
;. ^ Н. Tucker and S, Messick, An individual differences model for п 

dimensional scaling. Psychometrika, 28, 1963, 333-367. :udgment: А 
SL. Sjöberg, The dimensionality paradox in comparative judg 


iai sion? 
í + Sjöberg, Unidimensional scaling of multidimen! 
facial expressions, J. exp, Psychol, 78, 1968, 429-435. 
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regarding the similarities studied.) The present study attempted to 
investigate the second-order spaces of similarity judgments in the 
Spirit of Tucker and Messick, although factor analysis of correla- 
tions was here used rather than component analysis of cross pro- 
duets and the factors were here interpreted in a conventional way 
rather than using the Tucker-Messick method of “idealized indi- 
viduals.” 

Another way of studying the covariation space is by means of 
the variability of comparative judgments. The usual formula for 

е variance of a difference illustrates how such variabilities are 
contingent on correlations: 


- 25,5$г;› 


with conventional notation. We see that when ri; increases, Si- ; de- 
“eases. If the two objects compared are interpreted geometrically 
"s Vectors, we may interpret Sj. ; aS the distance between the ter- 
ani of the vectors. This interpretation suggests that SDs of dif- 
erences may be analyzed by any of a number of multidimensional 
Procedures that are available for analyzing distances.® 

d-comparisons data have usually as- 


Scaling methods for paire y as 
zero. In such eases, the disper- 


Sur x : 
5 med correlations to be equal or : S um e 
ons of comparative judgments yield no information about di- 


M s 5 © nl a aking 
nsionality, However, the availability of methods not making 
8 Ч 2 d 55 - -р jt, S- 
uch strong garding correlations? now makes it po 


assumptions re i 
si garang : е à - 
ble to study the possibly multidimensional structure of these dis 


sion terms. An attempt is also made in the present study to 
Mvestigate the possibility that dispersions resulting from magni- 

© estimations also carry multidimensional information. A weak 
эн, of such an effect was found in an earlier study.’ The Thurs- 
t method as applied in the present study does not allow 
baration of inter- and intraindividual variability. However, any 
pos n strueture in the pooled уша d аа 

ant to try to find the source to which it should be 


5 


5 
5 Tuck 
в ker ап T ch, "v а, 
30, pA E ааа E A scaling of similarity, Psychometnna 
TW. g 579-803. 7 58; k and 
х Togerson, Theory and Methods of Scaling, 1958; Б, D: por 1968. 
81, Jones, The Measurement and Prediction. of Judgment is suming equal 
Varian Oberg, The law of comparative judgment: A case nob ass ШШ oberg 
ta and covariances, Scand. J. Psychol. 3, 1962. A ‘Scand. 7. 
Psy udy of four methods for sealing paired comparisons e cdi 
tomp с» 6, 1965 123-185: L. Sjöberg. Successive intervals scaling pe 
э parisons, Psychometrika, 32. 1967. 207-305. 43 
Siöberg. op. cit "ron Schol, 78, 1968, 429-435. 
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and the design of the magnitude estimations was set up to ш 
such an investigation possible. In sum, the main question abou 
second-order spaces was whether meaningful second-order spaces 
would indeed appear in dispersions of comparative judgments. 25 
additional aspects of interest were (a) the structure in corre > 
tions among similarity judgments and (b) the separation of inter 
and intraindividual variability, 


Comparison. of scaling methods, A major purpose of the pen 
study was to investigate relations among scaling methods. It yas 
considered of interest to attend to this problem in the present a 
text because almost all earlier work on relations among sealing эр b- 
ods has been concerned with variables characterizing single di z 
jects. Work by Ekman and Künnapas and others has repeate d 
demonstrated a curvilinear relation between Thurstonian es 
comparisons scales and scales resulting from the application 9 The 
called direct methods (e.g. magnitude and ratio estimation). 3° 
author’s method of difference ratings, which is a variation on 5a 
tonian methods using less strict assumptions regarding certain rly 
persion terms, has, however, proved to be approximately werd 
related to direct, methods. These results were followed up in ир 
present study, which also investigated the relation between ша 
ventional category judgments of similarity and magnitude sca 
of similarity, : 

Classification of similarities. Fifteen pairs of pictures shows 
different emotions in different intensities were used as stimuli » 
the similarity-scaling by the different methods. It was car 
that three different kinds of similarity would emerge, either 1 
intransitivity of paired comparisons of similarity, or in МО 
order similarity Spaces, or both. The kinds of similarity one 
sidered were: similarity between pictures expressing the same poe 
tion In different intensities, similarity between pictures ере ae 
different emotions of approximately equal intensity, and si € 

etween pictures expressing different emotions in different ecu 
The first kind of similarity hypothesized was termed quantitat" 


Fig ti- 
the second qualitative, and the third both qualitative and qua” 
tative, or mixed 


Р the 
10 Extensive references may b i trio for J. 
: 5 found in: S. S. Stevens, А me nd. 

Social consensus, Science, 15]. 26 A ча cit., Sca 
Psychol, 9, 1968, 97-108,” 151, 1906, 530-541; and Sjöberg, op. ой» р. ой» 
тй SPerg, ор. cit, Psychometrika 32, 1967, 297-308; Sjöberg, 02-1068, 
* a, 82, »,497-008: 8, 
ri d. Psychol., 9, 1968, 97-108; Sjöberg, ор. cit., J. exp. Psychol., 7! 
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МЕтнор 


Stimuli. Six pictures from the Lightfoot series!? were selected: Nos. 14, 35, 33, 
52, 47, and 22. These pictures had all been used in an earlier study, and scale 
values of emotional intensity were available2 The pictures had also given evi- 
бее of being relatively pure as to emotional content in а pilot study. They 
ormed three different clusters of emotions, with two degrees of intensity in 
са cluster, as illustrated in Table I. The table also gives the letter designa- 
соо used in this report for the pictures. It should be noted that the term 

imulus' in this study does not denote single pictures, but pairs of pictures. 

Sing all possible pairs of the six pictures, there were 15 stimuli (15 pairs). 
& e stimuli were named according to the two pictures composing them. For 

Xample, Stimulus AC consists of the two pictures A and С. The paired-com- 

tuens task involved judging pairs of stimuli, їе. pairs of pairs of pictures 
method of tetrads). There were 105 such different pairs. . 

ubjects. The Ss were, with a few exceptions, psychology students, 112 in all: 

Women and 33 men. 
erectus presentation. The experiment was conducted in a seminar room. A 

Ойр of 5-10 Ss participated in a given session. The pictures were projected on 


5 1 H H . 
t Screen in front of the Ss by means of two Leitz projectors. Each picture con- 
tg 70 x 91 m. The 


distanc 


“те Separated by 01 m. Ss were seated 3-45 m. from the screen. | 
iei i Three kinds of rating methods were employed by each 8: paired 
nguy А category ratings, and magni 
ders or ploye in the order mentioned. 

presentation were employed, equa 


Each g 1 
and for fave only one rating for each pair 


nates of each variable stimulus. Each st с 
according to the position of the two faces included. These two ver- 


Te used equally often. In addition, positions within pairs. of stimuli 
O rotated over Ss. Responses were recorded in booklets with five re- 
9n each page. About 30 sec. were allowed for each response. The 88 
not give n response in time were allowed to complete their response 


Were als 
S5bonses 
Who ai 


TABLE I 


PicTURES . 
SELECTED Tntanaity 


Emotion Low 


aPpiness А = No. 14t B= 
ергөввү = No. 33 D = No. 52 
Anger Sion С = No. 3: ye 


E = No. 4T 
* Lien 
Ehtfoot series number. 


12 И 2 А 
Ате; Engen, N. Levy, and Н. Schlosberg, A new series of facial expressions, 


.P 
1з с. 2 Sychol. k 
Sjöberg, op. cil, J ezp P аанай, 78, 1968, 429-435. 
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P ' cases, E 
sheets before the group moved on to the next rating method. In such 
exposed the required pictures once more. e vesc peed wine ЙЕ 

—Paired comparisons. Seven rating categories were Ven (765432101234587) 
of equality. The scale was presented as a string of a b (“the same simi- 
on which a rating of 0 represented no difference in оү JH left pair to be 
larity”). Ratings to the left of 0 indicated the pictures о ht indicated the 
more similar than those of the right pair, and ratings to "idi am similarity. 
Opposite. Larger category numbers indicated larger Han ене in simi- 
Category 7 was defined verbally as indicating “a very large c : 

ity.” similarities 0 
E Ss were first. instructed that their task was to age jbo pair 
pairs of facial expressions, They were asked to decide nm ан of the two 
showed the largest similarity and then to rate the size of differen "ers but that 
similarities. It was stressed that there were no right or wrong pe in question. 
E was concerned with their personal opinions about — Annae D 
Four practice trials were then given, utilizing schematic ее 4 and in а 
three of these trials, the two expressions in one pair were iden 10 ‘additional 
fourth trial, the pairs were identical except for position. hen) ies (not the 
practice trials were given, using pictures from the Lightfoot on e with the 
ones used in the main experiment), These trials gave Ss a he ane strongly 
range of similarities used in the main experiment, Finally, 15 туул airs an 
Stressed that Ss were to differentiate between similarities within чин any- 
differences between similarities, The Ss were encouraged to e of relation 
thing unclear, Apparently the distinction between the two kinds 


rea 
5 : А in writing and also 
Was easily grasped, All instructions were given to S in writing 

aloud by E. 


erical 
—Category Judgments, Seven categories were used, defined by 2418 
labels. The meaning of the scale was explained by means of a унал simi- 
rating of 1 was to be given to “a very small similarity,” 7 to “a very ls 

larity.” Each stimulus was presented only once, : he number 
on. The standard similarity was assigned ын elit 
10. This number was also written in the lower edge of the шш be- 
The variable Stimulus was to be assigned a number reflecting the re viven the 
ilarities: an intensity half of the standard would ell cou 
Се as large the number 20, and so forth, Any qur n an 
ses. The standard appeared at random in both БЕ BD were 
for each variable stimulus. Stimuli AB, AC, BC, anc ave three 
з. Each S was exposed only to one standard and ga 
estimations for each of the variable stimuli. а g was Te 
periment lasted about 130 min. During this time, / 

a total of 162 respo 


nses, not counting practice trials. 


RESULTS 


T m- 
equency of circular triads in p 
high. The mean number of such к 
* maximum possible number of E to be 
to the mean number of circular triads esti- 
ty judgments had not been permitted was 


Circular triads. The fr 
parisons data was rather 
16.7, or 11.9% of th 
triads. (An upper limit 
expected if equali 
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mated at 43.7 triads. This estimate was based on the assumption 
that 30.8% of the triads containing at least one equality judgment 
would have turned out to be circular. The 30.8% is the probabil- 
ity that a maximally intransitive S would produce a circular 
triad, ie. the maximum possible number of circular triads divided 
У the total number of triads.) The distribution of cireular triads 
Across Ss was very skew, a few Ss contributing heavily to the 
high arithmetie mean. The distribution across triads was also 
skew, but with no triad being circular for more than 19 Ss. Thus, 
if Consistent, intransitivities exist, they tended to be different for 
ifferent Ss, The rather high frequency of intransitivities could, о! 
Course, also depend on low reliability of paired-comparisons judg- 
ments, This alternative could not be checked in the present study, 
Since each pair of stimuli was exposed only once to each 8. 
0 investigate whether the intransitivities were dependent on 
© existence of different kinds of similarity, the following two 
analyses were made. Stimuli were first divided into three groups: 
Wantitative, qualitative, and mixed similarities. Each triad of 
Stimuli Was then classified as simple or complex, depending on 
Whether all the three pairs involved came from the same group of 
eImilarities or not. The mean number of circular triads for simple 
“148 was 3.90 and for complex triads 4.13, а very slight difference. 
"S, using this classification of similarities, no systematic trend 


e 5 EH $ " 1 » 
ould be observed. A second analysis utilized a different йк 
1 H amt ч Е сс} ey © "di 
on of similarities, Each stimulus was classified according to the 


e emotions compared: happiness-anger, happiness-depression, 
r Cepression-angor. Within-emotion stimuli (AB, CD, and EF) 
ee excluded from this analysis. Again, there was no trend for 

Mplex triads to be more intransitive than simple triads. The 
8 a ишиг of intransitivities was 4.33 for simple triads and 
Ог complex triads. In passing, it may be noted that aie 
ea, Ce Within-emotions stimuli from the analysis re 
When Tate of circular triads of 9.6% as мэн =, a 
78%, ey were present. The frequency of equality sta 


е 


боці icati various 
Seay” similarity. A summary of results of application of var 
Procedures is given in Table TT. — atem 
du: | L — 
ассо, “Огт отат, scaling. Paired-comparisons 


jude, 18 to a procedure described by Sjöberg, and гүйн 
Sments Were analyzed according to the method of Die , 
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TABLE II 
SIMILARITY-SCALE VALUES | - 
Magnitude estimation 


2 Standard 
Paired Category Standard Standard Standard BD 


BC 

Stimulus comparisons judgmenist AB Y 1.00 1.00 

1.24 1.00 1.00 1.00 “88 1.00 

АВ 111 -80 -80 67 105 -15 
ас ‘74 .62 .50 .53 "88 .85 
АБ 1.01 AT .80 -67 So “60 
AF :55 .54 .40 .33 50 .60 
BC 41 .58 .50 .33 2 150 
BD 19 .48 .30 -27 71 .65 
ВЕ 67 .70 .70 .53 Б 35 
BF 00 .00 .20 413 100 1.25 
CD 1.40 194 1:10 1.00 enl 1.00 
CE 1.26 .83 1.00 -80 "88 1.0 
CF 1.18 .86 .90 -60 94 1.00 
DE 1.81 490 1.00 -80 1:06 1. р 
DF 1,23 92 1.00 .93 94 1.0 
ЕЕ 1.19 90 1.00 «93 


е devia- 
Messick, and ТисКег 4 The square root of the mean a d 43 for 
tion between empirical and reproduced proportions w 


re ex- 
Spaced in the usual manner: larger differences CM 
treme categories. The relation between the two ес me 88 
Was nonlinear, ав may be seen in Fig. 1. The result is the 

that found in a previous study 25 


This finding replic 
study,18 in which 
standard was plotte 
magnitude scales we 

—Relations amo 
magnitude scales 


four 
d on the y-axis. For further analysis, the 


re then averaged. ian and 
ng scales. Relations between ipee ghi 
may be studied in Fig. 3. While the pai 
- x iederich, 

14 Sjöberg, op. cit, Psychometrika, 32, 1967, 297-308; G. W. Die иссе 
Messick, and L. В” Tucker, general least squares solution for 8 
intervals, Psychometrika, 22, 1957, 159-173. 

15 Sjöberg, ор, cit, J. 

16 519 


ü exp. Psychol., 78, 1968, 429-435. 
9 Sjóberg, Ор. cit., J. exp, Psychol., 78, 1968, 429-435. 


8. 4: 
sive 
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Successive intervals 


Оо 020 бо Ово Oso 100 120 to 


Paired comparisons 


Fro. 1. RELATION BETWEEN Parrep-CoMPARISONS AND 
Successtve-INTERVALS SCALES 
(Regression line fitted by eye) 


pari 
Wa mes and the magnitude scale were approximately linearly 
of the 4 ле Thurstonian category scale was a nonlinear function 
inally ^ sig scale. This is in accordance with earlier findings. 
cate, 1 may be of some interest to compare arithmetic means 
ows эн? judgments to the magnitude scale. The plot in Fig. 4 
that tip agreement between the two scales. It may be noted 
dicateg h fit of scaling methods and relations between scales in- 
More variability in data than is usual with variables char- 


Acterizine <; 
erizing Single objects. 


nts. A factor analysis was 


Ра 
ctor analysis of category judgme 
g squared multiple correla- 


сагы 

ш ut on eategory judgments usin 

methoq communality estimates and factoring according to the 

three € of principal factors. Inspection of roots showed that two or 

Ortho actors should be considered. The solution was rotated to 
Bonal simple structure (varimax). Table III gives the factor 


Oad; 

жыя бат the three factors. 
Within cation of the three factors is rath rward 
hypoth motion pairs are disregarded. The three kinds of similarity 
Dres Sized did not emerge. Instead, the factors pertained to de- 


^ SSlon_ х 
150 anger, happiness-anger, and happiness-depression ane 
ts of view as 


е Simi] е factors seem to represent differing poin 
Мед. varity between the three kinds of emotional content as sam- 
ke this inter- 


Pretatio Райн, Although the within-emotion pairs ma 
the reg n somewhat doubtful, it may still be useful as a summary of 


ts regarding between-emotion pairs. 


er straightforward if 
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Magnitude estimation Magnitude estimation 


JAGNITUDE ESTIMATION 
log z + b; 
sion line) 


Fia 
- 8. Two THURSTONIAN ScaLEs PLOTTED AGAINST D 
For successive intervals, the function y = @ 
for paired comparisons, a least-squares regres: 


ine One of the main purposes of this experiment was to study the 
to a T€ of the dispersions of comparative judgments in relation 
аъ Pothesized classification of similarities. Three бївханн is 
Шке one have been mentioned: quantitiative, qualitative, үе 
Fer а expectation was that comparisons of the same type o 
dif amy would show less dispersion than comparisons between 

erent types of similarity. The dispersion terms resulting from 


Scali : ! 
MB paired comparisons are reported in Table IV. The mean 


6.00 


5 
Е 4.00 
о 
o 
2 
E 
o 
о 
2 
w 200 
e 
9 % 00 040 0.80 


Magnitude estimation 


Fra. 4. ARITHMETIC MEANS ОЕ CATEGORY JUDGMENTS PLOTTED дайма? 
AGNITUDE ESTIMATION AND А Least-Squares REGRESSION 
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TABLE III 
Factor ANALYSIS OF CATEGORY Јорсмемтз: RorATED Factor LoADINGS 
Factor 
Stimulus T II TII 
AB .30 —.82 —.85 
АС -37 .16 41 
АР .20 .15 .62 
AE .22 .79 .03 
AF .24 .40 .37 
BC .09 —.02 66 
BD -03 = <01 61 
BE .06 70 26 
BF —.23 28 61 
CD .35 —.10 —.44 
CE -60 — <09 19 
CF .67 04 —.03 
DE .87 —.37 07 
DF 68 :09 —.05 
EF .29 —.61 —.06 


Note: Italicized values belong to stimuli used in identifying factors. 


dispersion was 67.0 for within-type comparisons and 65.3 for be- 
tween-type comparisons. The hypothesis was not confirmed. 
However, the results of the factor analysis suggested another 
classification of similarities. As mentioned above, the three ex- 
pected kinds of Similarities did not emerge as separate factors. 
Instead, the three factors appeared to pertain to the pair of emo 
tions being compared in a given pair of expressions. In accordance 
with this result, similarities were regrouped into three new clusters: 
depression-anger comparisons, happiness-anger comparisons, 8n 
happiness-depression comparisons. For each stimulus, the mean dis- 
persion was computed both for comparisons within the same cluste 


TABLE IV 
SDs or DIFFERENCES FROM Parrep-Compartsons SCALING 
- АВ AC AD AE AF BC вр BE BF CD CE CF DE m 
AO gg 78 71 m 100 43 52 68 63 76 80 101 77 108 80 


BC 4 82 79 86 56 60 56 41 62 Gl g 
BD 52 F4 10:14 g2 39 06 48 71 62 100 60 76 06 
BE 68 ва a 02 79 39 во 50 51 52 170 59 60 10 
BF бз 68 63-02 86 66 50 60 79 86 99 89 87 (0 
CD 76 63 39 02 56 48 50 60 65 64 65 85 95 56 
CE 80 62 50 $2 90 71 51 79 65 47 58 63 59 65 
CF 101 77 6 26 ri 100 52 88 64 47 61 5 рН @ 
DE 77 56 46 84 бо 60 59 89 62 63 S3 64 53 5 


р BN = 5 
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and for " А 1 
emotion d with stimuli in the two other clusters. Within- 
are reported ven were excluded from this analysis. The means 
the expected re E ble V, which shows that the new grouping gave 
cluster than wi su t. All stimuli except one had larger between- 
The х e dispersions. 
etween size po in be expressed as a point biserial correlation 
ferent aluste of dispersion and the dichotomy same cluster-dif- 
between se ag The correlation was —.40. Absolute size of difference 
ва pee e values also correlated with dispersions (т = .12). 
sions and ee yx compute the partial correlation between disper- 
result could i end with size of difference held constant. The 
iflerences betw erwise be explained by the somewhat smaller 
tion dro ween scale values within clusters. The partial correla- 
fie те ошу to —.39, however. 
lyzeq Pi iim terms from magnitude estimation were also ana- 
tion sug information as to kind of similarity, using the classifica- 
against Е by the factor analysis. In Fig. 5 total SDs are plotted 
en epe means. A corresponding plot for intraindividual 
nts Ze seen in Fig. 6.17 The regression lines were fitted to 
expectation D to between-cluster comparisons only, with the 
Would fall hat points corresponding to within-cluster comparisons 
involving бе vigi below the regression line. All comparisons 
8 Figs ithin-emotion stimuli were excluded from this analysis. 
. 5 and 6 show, the hypothesis of multidimensional struc- 


роі 


М TABLE У 
"T а SDs or DIFFERENCES BETWEEN AND WITHIN CLUSTERS 
27 Mean within cluster Mean between clusters 
42 66 
Ар 49 58 
55 e 
64 
з i 2 
ВЕ 43 a 
ВЕ 66 81 
ОЕ 2 81 
CF 5 s 
DE 56 73 
D 57 68 
Е 51 13 


Note: : Y 
ote: Decimal points preceding two-digit figures have been omitted. 
e root of the mean 


ited as the squar 
i omputed for 


17 
The ; 
of е ЭСЭР 
eagle Gnpttaindividual SDs were computed 8 
S acro idual variances, the latter statistics having been с 
ss three replications. 
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O Between clusters o 
9 Within clusters 


Total standard deviation 


Mean magnitude estimation 


Fic. 5. Toran SDs Prorrep AGAINST ARITHMETIC MEANS OF 
MAGNITUDE ESTIMATIONS " 
(Regression line fitted only to between-cluster points) 


O Between clusters 


stondard d 


62 [7] m 180 220 260 


Meon magnitude estimation 


Ё ? 8 E. oF 
Fic. б. INTRAINDIVIDUAL SDs PLOTTED AGAINST ARITHMETIC MEANS 
: , MAGNITUDE ESTIMATIONS ЭР 
(Regression line fitted only to between-cluster points 


: А : in the 
ture was not confirmed. A similar negative finding occurred in 


earlier facial-expressions study.18 


Discussion 


The high incidence of circular triads and the somewhat bad fi 
sealing methods motivate a certain doubt as to the possibility ө 
unidimensional measurement of similarity. However, there were 8 - 
indications of rather large error variability in data, and for a mo! 
decisive cheek reliability should be taken into account. in 

On the other hand, relations among scaling methods were ! 


. : idi A 
complete agreement with previous studies, where the aro 
Slonality of the v 


: ariable sealed can hardly be questioned. 4 
paired-comparisons and magnitude scales were lincarly jo 
While the traditional Successive-intervals scale was a nonum, 
function of these two. In addition, a breakdown of the dat? И 
type of triad did not give evidence of more intransitivity of “ol 
Plex triads. This, and the fact that most triads had very few 1" 


ор, cit. J. exp. Psychol. 78, 1968, 429-435. 


t of 


18 Sjöberg, 
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transitivities, s гэ : 
to еа mone erme irom paired comparisons proved 
larity dens м emen information about the second-order simi- 
өнө дєу Tod 2 agreed with results from a factor analysis of 
mations i ны n 44 similarities. Dispersions of magnitude esti- 
formation. ‚ give any clear evidence of multidimensional in- 
Miser m p. the factor anal} sis was difficult to interpret due 
results did " Бэ nnam of the within-emotion pairs. However, its 
related to XU a classification of similarities, which was clearly 
considered ie k pemon of comparative judgments. This may be 
tor analys zm a support for the tentative interpretation of the Їас- 
s. ae ey the unidimensionality of the similarity variable 
parisons aha ! the present results support several conclusions. Com- 
with аб seann methods gave results in complete agreement 
his нё ee with variables characterizing single objects. 
ions, Tt ^ eve additional support to the generality of these rela- 
tween th particularly interesting to note the linear relation be- 
inear rdi paired-comparisons and magnitude scales. The curvi- 
ation between traditional Thurstonian and magnitude 


Seale 
8 has, so far, never occurred when the present method of 


Paire 5 БСН 
d comparisons was applied. This may be interpreted as indi- 
V assumptions; an error 


eati 
"hid m шш in traditional Case рер, nit 
agg “арслан been assumed by other authors. Dispersion terms 
Mensional Tom the use of paired comparisons did carry multidi- 
may Ь information, as predicted by Thurstonian scaling theory. 
Which a argued that the occurrence of such meaningful structures, 
e es eR with results from factor analysis, also throw doubt on 
хөн на validity of Case V (and Case IN ) assumptions, since 

ude the assumption of zero or equal intercorrelations. 

ei the present findings may be offered in support of the 
Ч -comparisons scaling method used, and of Thurstoman scal- 
leory in general, but also ав ап argument against the tradi- 
findings also support the possibility 
data simultaneously ior uni- and 
alues are generated as in a usual 


Pair 
ing 
tonal 

als А я 
че et of assumptions. The 
multis paired-comparisons 

mensional scaling. Scale v 
9 
G "T 
» A further study of direct and indirect meth- 


оф Ek si 
s, Soa, man and T. Künnapas, ; Cerocpoint 


8ealin and. J. Psychol, 4, 1963, 17-80: L. V. Jones, Invariance. ae ied 


5 Over changes in stimulus context, Psychol. Bull., 67, 1967, 
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unidimensional method, but dispersion terms carry multidimen- 
sional information and may be processed as distance data. Finally, 
the findings did not support the initial hypothesis of quantitative, 
qualitative, and mixed similarities. Instead, both correlations of 
ratings of single stimuli and dispersions from paired comparisons 
indicated another trichotomy : happiness-anger, happiness-depres- 
sion, and anger-depression. In a way, this is a more ‘conerete 
clustering of similarities than the one proposed initially. It 18 
closely bound to the multidimensional structure of single pictures 
and puts an emphasis on variations in content rather than intensity 
of expressions. 


SUMMARY 

This study investigated the dimensionality of similarity judg- 
ments and studied the relations among various methods for scaling 
similarity. The question of dimensionality was dealt with at two 
levels: (a) the basic one of whether a unidimensional scale can be 
constructed for a single individual on one occasion and (b) that of 
the structure inherent in inter- and intraindividual variability. 
Stimuli were pairs of facial expressions from the Lightfoot series, 
whose similarity was judged by 112 Ss according to three response 
modes: paired comparisons (method of tetrads), category judg- 


As for measurement properties, results were not entirely satis- 
factory, but there were no clear patterns of intransitivity, so the 
Possibility of low reliability should be kept in mind. Relations 
among scaling methods were in agreement with previous results 
from Scaling variables characterizing single objects. In particular, 
one may note a certain lack of proportionality among different 
1 a nonlinear relation between the composite 
magnitude scale and & traditional successive-intervals scale, and Ч 
een magnitude estimation and paired comparl- 
cture was found in intercorrelations from ost 
ем well as in SDs of differences from ne 
| nding which is in agreement with Thurston! 
phar and previous research. Stimuli (i.e. pairs of pictures 

€d to cluster according to the pair of emotions involved. 


xd CONSIDERATION OF TWO ASSUMPTIONS 
FOR DERLYING FIEDLER'S CONTINGENCY MODEL 
PREDICTION OF LEADERSHIP EFFECTIVENESS 


By Martin Fisungm, Eva Lanpy, and GRACE HATCH, 
University of Illinois, Urbana 


к, series of papers, Fiedler has presented a model for the 
is un of group performance.! As Fiedler points out, “the model 
avio 10864 on the assumption that the type of leadership be- 
lease for good group performance 1s contingent upon 
specif leness of the group-task situation for the leader." More 
ask cally, Fiedler identifies three major dimensions of the group- 
tele ee The dimension of affective leader-group relations 
ers © the personal relationship between the leader and key mem- 
haere group. According to Fiedler, this dimension reflects that 
Proc is probably the most important single determinant of group 
еа esses which affect team performance. The liked and respected 
which can obtain compliance from his group under circumstances 
Open » In the ease of a disliked or distrusted leader, would lead to 
ambi revolt.”3 The task-structure dimension refers to the clarity or 
Stry !Buity of the task. Here one may distinguish between highly 
m шге, unambiguous tasks where the leader and his group 
ү» ds to be done and the way to do 


it (6 ers know exactly what nee fp ein 
‘9. a missile crew performing 8 countdown), and u 


* 
M ted by the 
р cod Hf icati ‚ 29, 1969. The study was supported by 
цан Research Projects I under ARPA Order 454, Contract NR, 
The 4^, Nonr 1834(36), under which it appears 88 Technieal Report 2l 
ў Neal ors express their indebtedness to Professors ne E үгэ anley 
9f the yao, MR Gordon O'Brien for their critical readings o iei 
Уна gag liede i del of leadership effectiveness, in L. Berko 
ieget), Аан p com ental Social Psychology, 1964 149-190; F. E 
1905 "ато, ҮКЕ a 7” theory Орлеу in Social Psychology, 
53g_ren> and B. Seidenberg (eds.), 2268 e on, 108 
8: Гена leadership effec- 
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18 
tured, ambiguous tasks where neither the leader авг ipi чен 
can readily specify the manner in which such а task 5 Ахиу ШШ 
cuted (e.g. planning a program for a pienie). т еу 
task-structure dimension as the second most. €— position 
affecting team performance. The dimension. of шан ien in 
power refers to the degree of formal or informal pow eri apap 
the leadership position. A leader with high position pow кыс 
who can utilize rewards and sanctions, whose authority ээн ор- 
men is supported by the organization within which the А tally 
erates; a leader with low position power is one who is ете 
restricted to using persuasion and other indirect tg nee: types 

By dichotomizing each of these dimensions, eight “oe points 
of group-task situations can be identified (Table 1). m e first is 
about these eight group-task situations should be noted. eei 
that according to Fiedler, these situations vary along E e r with 
of favorableness to unfavorableness for the leader, i.e. an асное 
respect to the degree to which they permit the leader to ward 
and control his group members,"5 The leader is seen as nube inei 
mum influence over, and control of, his group members ын нээ 8. 
Task Situation 1, and minimal influence and control in ione may 
The second point, is that each of these group-task "s С may 
“require a different leader-group member interaction, ike for 
well ‘demand’ different types of leadership behavior in wt 
the group to Operate at maximum efficiency. One type of si | ader, 
may require а permissive, nondirective, considerate type of oiling, 
while another Sroup-task situation may require a contro 


: such 18 
managing, directive type of leader. Fiedler has argued that st 
indeed the case? 


TABLE 1 
DIMENSIONS ор Gnour-Tasx SITUATIONS 
Affecti , 
Group-task leader- member Tand тар 
Situation relations Task structure position р 
1 Good Structured High 
2 Good Structured or 
3 Good Unstructured Hig 
4 Good nstructured Tow 
9 Роог Structured Hig 
6 ‘oor Structured Ip" 
7 Poor Unstructured Hig 
8 Poor Unstructured Low 
*8ce n. 1, 


5 Fiedler, ор. cit., 1963, 13. 


5 Fiedler, op. cit. [in Berkowitz] 1964, 6. 
7 Fiedler, op. cit. [in Berkowitz], 1964: 
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One of t CN = s 
sociates ылы. [es aem by Fiedler and his as- 
Worker dique тв Т} ie leader's esteem for his least preferred co- 
cating that Ни леге is а considerable amount of evidence indi- 
leaders in ce Eu LPC leaders are more effective than Low LPC 
818: more bsec. гэрээ situations, while Low LPC leaders 
Eroup-taslc disk яр” High LPC leaders in different types of 
igh LPC тойн ons. In his earlier writings, Fiedler viewed the 
considerate; ad ie a person who is permissive, nondirective, and 
ing, maagin Ён Low LPC leader as a person who is control- 
emphasized a S and directive. More recently, however, he has 
tinguishing eb л rather than behavioral, basis for dis- 
Fiedler now oan (or describing) High and Low LPC leaders.!? 
need ець the High LPC leader as а person who “obtains 
Perienced sue зэ? or reinforcement as a consequence of having ex- 
аз an ШЫЛ, in interpersonal relations”; the Low LPC leader 
Ment throu ge who ‘obtains his need satisfaction or reinforce- 
asks” 29 115 achievement (or participation) in assigned group 
According to this more recent. approach, the High LPC 


leader 
Ae mias ы more permis ive and considerate than the Low 
uations, In i asd normal conditions but not necessarily in all sit- 
achieving a situation, the High LPC leader's motivation for 
o behave’ į NUM interpersonal relations may rather ‘cause him 
fader, Simila Es more directive, controlling way than a Low LPC 
cause him 2 ihe Low LPC leader's motivational structure may 
ough Fi = act in a permissive, considerate manner. Thus, al- 
ave dites ler still holds that High and Low LPC leaders be- 
types of b aud in given situations, he says that the specific 
ing motiy ушы they display vary as à function of their underly- 
Nefly 2 orientations. 
tie arenes the contingency m 
: her, to integrate, the 


Ich 
Wo, und that High and Low 
; e in different types of group-task situations. In particular, 


ledle 

Very Үү хУройнейнн that in situations that are very favorable or 

ile is avorable for the leader, 2 Low LPC leader is most effective; 
n situations moderately favorable or moderately unfavorable 


odel may be seen as an attempt 


findings of 12 years of research 


LPC leaders are differentially 


to 


бее п. 1 
0, Po : > - 
ан Hean E. Fiedler, Leader Attitudes and Group Effectiveness, 1958. 

т, op. cit. Lin Berkowitz], 1964; F. E. Fiedler, The effect of leader- 
cultural heterogeneity - A test of the con- 
hol., 2, 1966, 237-264 ; Fiedler, ор. cit., 1967. 


ti and 
Inge on group performance 


ic 
il Fici 110461, J. exp. soc. Psyc 
г, op. cit., 1967, 45. 
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for the leader, a High LPC leader is most effective. (Several valida- 
tion studies have provided support for this as well as other hypoth- 
eses generated by the contingency model.)!2 His conceptualization 
assumes that High and Low LPC leaders are differentially ef- 
fective in different group-task situations because (a) these situa- 
tions call for different kinds of leadership behaviors for maximally 
efficient group performance and because (b) High and Low LPC 
leaders differ with respect to leadership styles and orientations, one 
type of leader (e.g. a High LPC leader) thus being better at meet- 
ing the demands of a particular given situation than another type 
of leader (e.g. a Low LPC leader). Further, it should be recalled 
that from Fiedler's point of view, these situational demands соуату 
with the three dimensions of the contingency model, which dimen- 
sions are, he hypothesizes, of differential importance. That is, the 
kinds of leadership behaviors required for maximal group effective" 
ness vary most with the nature of the affective leader-member ЭЭ 
lations, next most with the task structure, and least with the leaders 
Position power, ! 

The major purpose of the present paper was to investigate ше 
two basic assumptions underlying the contingency model: (1) tha 
different group-task situations require different leader-group mem" 
ber interactions, ie. demand different types of leadership behaviors 
and (2) that these demands covary systematically with the three 
dimensions of the contingency model. In addition, an attempt "18 
mado: to explore one possible reason for the differential] behaviors 

f High and Low LPC leaders; for although Fiedler has РТ” 
pad evidence that High and Low LPC leaders do indeed behave 
“Ханд in given situations,!? the determinants of this шас. 
1а] behavior have not been made explicit. While Fiedler has ? 
gued that the basis of this differential behavior is the differe” 
motivational orientations of High and Low LPC leaders, 086 ms 
эн whether these motivational differences are directly reflected Ө 

унай whether they operate through an intervening varia | : 
For example, High and Low LPC leaders may behave differently 
because they differently perceive the demands of a given situat E 
and act in Accordance with their perceptions, or because they = 
larly perceive the demands of a given situation but have characte 


12 Fiedler, op. cit., J. exp. soc. P; r 

, , J. exp. soc. Psychol, - к 

i = F. E. Fiedler, А review of research ^ A amt ТРО всогев ав measur р 
16 ership style, Technical Report No. 33, Group Effectiveness ЁО 

aboratory, University of Illinois, 1966. ` ! 4 
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istically di 

tis cin modes of responding to it. The present study was 
i хэрэн гэнэт (3) with the ways in which Ss who vary in LPC 
Sucve thas agg of group-task situations. Although the sug- 
рг 1 [па LPC perceive the same demands seems 
either МО i with Fiedler’s position, it should be noted that 
884 Low эсээр e is consistent with the general notion that High 
orientations, F — differ with respect to leadership styles and 
are not кыга Er, it should be noted that these two alternatives 
taneously. ally exclusive, and it is possible that both occur simul- 


METHOD 


Proced: 
ur 
wre. The Ss were 141 undergraduates (men) who participated in the 


9Xperim 
ent as 5 
as part of a course requirement. AIL Ss were tested simultaneously 


uring a б 
0-mi " А 
min, session. Upon entering the experimental room (a large audi- 
e seated, question- 


Orium 
naire us were randomly assigned to seats. After all wer 
standard үз were passed out. Each booklet contained the following: (1) 4 
Place tert. of Fiedler’s LPC Scale. This instrument consists of 25 eight- 
e asked сея scales, in the Semantic Differential format. The Ss 
hink i 
pave цас your leget preferred coworker—that is, t 
Ing scales. oe) dU working with—and rate that person on the fol- 
mber, we are not nece k you to think of the 


Person y, d 
culty Уо liked the least, but the опе person you hav 


(2) A 
ha ЭР, : x 
Кое ды describing the three dimenstons of the contingency model, with 
epresenting the end points of each dimension. More specifically, the 


"ndout provi 
provided verbal descriptions (ог definitions) of ‘good’ and ‘bad’ affec- 
‘structured’ and highly ‘unstructured’ 


nsi* The handout was not attached 


11 times. (3) A series of Behavioral 
ages of the booklet 
les's method of in- 
{ 12 items repre- 
ach item described & different 
ding useful 


dicate whether “the most effective 
task situation by 


Senting геатр. апајуѕіѕ25 Each questionn 
Kind or is es's interaction-process categori 
nformati havior (e.g. “he helps to clari 
Cader” а ), and Ss were asked to in 
Checkin ould engage in that behavior in 9 given group- 

"very untrue” 


a 2 an eight-place scale ranging from “very true” (8) to 
taire г, oe situation itself was described at the top of the question- 
ҮЕСТТҮТ, Given a group-task situation where the leader has GOOD AF- 
TURED RELATIONS, where the group is working on & HIGHLY STRUC- 
TASK. and where the leader has a LOW POWER POSITION”), во 
з the Ss were marking 12 eight-point 


that 
on 
each of the eight questionnaire 


m 
1s оров available from senior author 
4951. Copies of the BDQ used 


i Е 2 А 
Ч. the ре Bales, Interaction Process Analysis, 5 
ent experiment are also available from the senior author. 
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dimensions of the contingency model controlled 17.8% of the var- 
iance in beliefs about the most effective leader's positive socio- 
emotional behavior, 11.1% of the variance in beliefs about his 
negative socioemotional behavior, 8.4% of the variance in beliefs 
about his question-asking behavior, and 7.6% of the variance m 
beliefs about his answer-giving behavior. Although this is clearly 
a significant and meaningful amount of variance to account for, 5 
should be noted that between 80% and 90% of the variance in Ss 
judgments about the way the most effective leader should behave 
is essentially left unexplained. Since only 25% to 3546 of this 
variance can be directly attributable to individual differences, this 
clearly implies that other variables relevant to the phenomena dn 
der consideration still have to be isolated.1? Keeping this in mind, 


let 18 now turn to a consideration of the four major variables ын 
their interactions. 


EPC. Contrary to our third hypothesis, it ean be seen that 58 
differing in LPC did not have differential expectations about the 
way the most effective leader should act in any of the eight group- 
task situations, Indeed, LPC and all its interactions with the three 
dimensions of the contingency model accounted for less than 1.5% 
of the total variance and less than 12% of the controlled variance 
ш all four analyses. In no case did LPC or its interactions with 
other variables approach the .01 level of significance. This suggest 
that leaders who differ in their esteem for their least preferred €o- 
worker are not differentially effective in a given situation because 
they perceive the demands of that situation in different ways. 


‚ Group-task situations. The influence of the eight group-task situa- 
tions as determinants of judgments about the way the most effec- 
tive leader should behave is summarized on line 5 of Tables 1 a? 
ш. Тһеге it can be seen that the three situational variables and а 
their interactions accounted for approximately 90% of the COT" 
trolled variance in all four analyses. Thus, almost all of the variance 
засч. for was directly attributable to variations in the group" 
нах situations. Clearly then, as Fiedler has suggested, these dif- 
ferent situations do seem to demand different types of leaders! 
behaviors. However, in order to better understand the difference? 


nip 


2 е 4 d to 
ariance can be directly attribute ing 


ed that idiosyneratic use of the 


e seen as ‘noise in the system’; One 
Uncontrolled variance. 
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betw u 

een these situati 

: se s i i 

tio Mt м ituations, а consideration of each group-task situa- 
b and its interaction is necessary. 1 | 


—Leader- 
be seen ei affective relations. In all four analyses, it can 
Significantly иви the most effective leader to behave in a 
tions with hi oin manner when he has good affective rela- 
tions. More н paap members than when he has bad affective rela- 
SRE more erri the most effective leader was expected to 
positive i гез to give more answers, and to display more 
good than wh ss negative socioemotional behavior when he has 
members, 'Th en he has bad affective relations. with his group 
be seen in эн тэрэ differences for each of the four behaviors may 
ehavior, th a = IV. In addition to influencing all four types of 
expected from [ow aude affective relation was, a$ would be 
ant of expectati iedler's model, the most important single determin- 
bles II and ations about the most effective leader's behavior (Ta- 
counted f IID: in all eases, the affective-relations dimension 
or more than 50% of the controlled variance in these 


ex : 
Xpeetations, 


— Task 

model h. шанд Contrary to expectations based on Fiedler’s 
relatively wever, the degree of the task structure appeared to play & 
effective. minor role in determining expectations about the most 
TA leader's behavior. Even though task structure did have а 


Яв 

са 

nt effect on expectations about the most effective leader's 
was expected to show sig- 


Positi я 

nificanel socioemotional behavior (he 

in red he: positive socioemotional behavior in structured than 

: Жэ мэ situations; X = 17.51 and 16.84, respectively, p< 

3.367 counted for less than 6% of the total variance and less 

ere, Эй of the controlled variance In any of the four analyses. 

cerned нем, it must be noted that the present analysis was Con- 

Situation, h Ss’ expectations about а leader’s behavior in hypothetical 
s and not with actual pehavior in real situations. Since 


TABLE IV 


p- MEMBER 
FECTIVE LEAD 


than 


Ix 
FLUE 

NCE or AFFECTIVE LEADE xut ох EXPECTATIONS 
ER's BEHAVIOR 


ABouT THE Most EF 


Type of b " ood affective Bad affective 
Sitive ehavior relations relations F 
egative оо оетой 120.68 
vi emotional .66 15.69 . 
werg socioemotional 15-81 11.98 71.35 
estion aske 18.90 17.30 38:20 
more tf Pici. 18.45 16.24 49.12 
à Г lik Hs signi i h core, thi 
“УНЫ ашады relma meer que hse of blan 


пе 
а most effecti 
range from зонд leader was 
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Fiedler’s model is based on an analysis of these latter situations, the 
present finding does not necessarily mean that task structure is 
irrelevant dimension in his analysis of Ongoing groups, nor does 1 
mean that leaders in a real situation do not take the task structure 
into account in determining their course of action. The finding does 
suggest, however, that the task-structure dimension may not be = 
important as Fiedler has indicated, and certainly deserves a close 
and more critical апа]уѕіѕ, 2° 


—Leader’s position power. As was the case with affective leader- 
member relations, Ss expected the most effective leader to behave 
ina Significantly different manner when he has high position aen 
than when he is in a position of low power. This effect was signi А 
cant beyond the .001 level in all four analyses. The most = 
leader was expected to ask fewer questions, to give marie ра і 
and to show more negative and less positive socioemotional T 
gh-power position than when he has a lo е 
Power position. Table y Presents the mean differences for each 0 


In addition, it should be noted that the leader's position powo 
was the second most important determinant of expectations 1n (3 
four analyses, As might have been expected, position power 2 
Peared to account for slightly more of the variance of task-orien er 
behaviors than of socioemotional behaviors. While position pow 


TABLE V 


INFLUENCE ор Leaver’s Posrrion POWER on EXPECTATIONS 
ABOUT THE Mosr Errkcrivg LEADER’S BEHAVIOR 


i iti osition 
Type of behavior High position m 2 
Positive Socioemotional 16.46 17.73 pa 
egative Socioemotiona] 11:49 10.33 32.54 
uestio il Ving 18:70 17:49 19.04 
Question-asking 16:69 18:00 i 
Note: All Fs gi ? 


i core, vr 
more likely the шонд cant beyond the .001 level of confidence, The higher the шинээ 


i 1 rs n о! 
Scores could range from $ Ce leader was judged to engage in the particular typo 


ЯВ hat 
20 Reviewing an earlier dr, i "Bri ested of 
ай, of this paper, Gordon O'Brien Suge! e 0 
ШЕ me amre ay һауе had a small elect. in the present study ed т 
i hy 01. Dales's categories for describing leader behavior—categore у 
marily designed to h ndle behaviors in that one type of task situm ough 
Which a group attempts to Solve an unstructured verbal problem. А other 
lt is possible that significant differences might have been found ha ers Dis 
ehavioral categories been used, it should be recalled that Bales cons! small 
categories capable of enveloping all behavior that can occur in any alysis 
face-to-face group. In keeping with this, Bales interaction-process АП tos 
аз been used in many different contexts. Similarly, Fiedler and his 485 
have often used the BDQ in Various group-task situations. 
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accoun А 

АБО EN =e of the controlled variance in expectations 
ка € ing behavior and for 20.3% of the controlled 
эр only тээ, nee with question-asking behavior, it accounted 
and 14.8% = the variance of negative socioemotional behavior 
Behavior тр e he controlled variance of positive socioemotional 
ье cx ait айкаша relations, which appear to have a similar 
{6 be mesh; all types of behavior, the leader’s position power seems 
lia nues important in influencing his task-oriented behavior and 

portant with respect to interpersonal behavior. 


Affecti : 

ate a и x Task Structure interaction. This interaction 

did this ae cant in any of the four analyses. Further, in no case 
Ог more ten 202 account for more than .2% of the total variance 

“importance л of the controlled variance. Thus the relative 

“xPectations $5 ыр task-structure dimension as a determinant of 
onstrated. out the most effective leader's behavior was again 


A б 
е es Relations x Position Power 
evel of bi эше. this interaction was significar т 
ave a m Like the power variable, this interaction appears 
though eg ferential influence on different types of behaviors. Al- 
Ї EATE трн was the third largest determinant of variance 
Considerably n in the three analyses where it was significant, it was 
у more important with respect to interpersonal behav- 
14, 2 behavior. It accounted for 
© of the controlled variance in expectations about the most 
tional behavior and for 16.1% 
ted with negative socioemotional 


ehay; 
with 105 but for only 7.1% of the controlled variance associated 
Question-asking behavior and for none of the variance 88- 


Ооа, 

ed wi 23 : 

а With answer-giving behavior. 

Tab] means for the three significant interactions are shown 1m 
ader is in a 


е VI. In all three cases, it appears that when the le 
ve relations, Ss did not expect 


as т 
the Situation having good affecti 
i tly when he has high 


interaction. In three of 
ificant beyond the 001 


: > . . 
© the leader has bad affective relations with his members, the 
че differently de- 
zh upon his position power. when there are 
ective relations and the leader has & high-power position, he 


8e 
Xpected to ask fewer questions and to sho 


Оор 
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TABLE VI 


ITERA N 
INFLUENCE OF AFFECTIVE RELATIONS Х Position Power Је 
ON EXPECTATIONS ABOUT THE Мовт EFFECTIVE Leaper’s BEHAV 


Affective leader-member relations 


Position d d 
power Good Bad Good Bad Good "ra 
High — 18.01 14.30 9.86 13.11 18.18 12:28 
Low 18.71 17.08 9 10.84 18.72 ee 
Positive Negative Questio 
socioemotional socioemotional asking z 
behavior behavior e 10 
F = 50.26 F = 30.24 F = 18. 


i re, the 
Significant beyond the .001 level of confidence. The higher the mean sco! 
more likely the 


Дог. 
i А 3 d " f behavio! 
most effective leader was judged to engage in the particular type o 


T А 1 А low- 
less positive socioemotional behavior than when he has a 
Power position, 


Task Structure х Position Power interaction. Tables II and Ш 
show that this interaction reached the 01 level of significance 1 
only one of the four analyses, Interestingly enough, this one 2 
nifieant interaction Was with respect to the only type of ртт 
that was not influenced by the Affective Relations X ipod 
Power interaction: namely, answer-giving behavior. Again, p 
ever, it must be noted that even though this one interaction p 
Significant, it must be considered skeptically since it accounted а 
less than -5% of the total variance and for only 5% of the on 
trolled variance of expectations about the most effective мин 
answer-giving behavior, Further evidence of the relative араг 
tance of this interaction can be seen in Table VII, which purger r 
the means for this interaction and shows that although the prid 
variable had а large influence on expectations about gue 
answering behavior, task strueture had relatively little. The ир? 
action indicates that when a leader has a high-power position, 


TABLE VII 


N 
X Structure X Posirion Powrn INTERACTION O 
ONS ABOUT THE Most ErrEcrivE LeApEn's 
NSWER-GIVING BEHAVIOR 


Task structure 


INFLUENCE OF Tas 
“ХРЕСТАТГ 


Position power 


High Low 
High 18.98 18.42 
Low 17.27 17.72 


F = 9.52, p < 01 ageso?” 
Note: The higher the score, the more Ц "e гав judged to 
answer-giving behavior. Scores could range е most. effective leader w 
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Was ex 

xpected ver sli 

Southern: и answet slightly more questions when the task is 

alco xia hen it is unstructured. In contrast, when he has 

dione when p рэг, he was expected to answer slightly more ques- 

Neither vp - is unstructured than when it is structured 
ev se differences, Fer, Wi igni | 
vel of confidence however, was significant at the .01 


Afecti 

ve E н 

action. шог х Task Structure X Position Power inter- 

n ^. ” 

approach si оо» and HT show that the triple interaction did not 
More ро. ificance in any of the analyses. Further, and perhaps 
than 1% ү in no сазе did this interaction account for more 
trolled i total variance or for more than 1.5% of the con- 


To $ 
2 ummari d 
iarize then, although more than 9076 of the controlled 


"Arianee ; 

should pes Вареина about the way the most effective leader 

Situation imp was attributable to variations in the group-task 

Wo vi зарн all of this variance was accounted for by only 

lations a their interaction. More specifically, Affective 

Ower mom Power, and the Affective Relations x Position 
action accounted for 90.0% of the controlled variance 


° 
Positi 
Ive 3 . f 
0 со scores, 85.9% of the controlled variance 
socioemotional scores, 85.4% of the controlled vari- 


ance 
of + eL expectatione about question-asking behavior, and 79.6% 
NaVior, tee variance of expectations about answer-giving be- 
а different while the data were consistent with Fiedler's notion 
ership behari group-task situations demand different kinds of lead- 
i ree dition 108 for maximum group effectiveness, only two of the 
ently ey VISITS isolated by Fiedler appear capable of consis- 
Xplaining a significant percentage of the variation in these 


у 


dem 

an 

TNI Further, it must be recalled that although these two di- 

t s did account for 80% to 90% of the controlled variance, 
total variance. It is 


to 16% of the 


€y g 
accounted for only 6% 
d with the group-task situa- 


ЭУ10 8 
tion ren that other variables associate situa 
: "main to be isolated. Indeed, it is worth noting that in his 


Oro р 
he iil articles, Fiedler has been doing just this. For example; 
Bue the homogeneity-heterogeneity of the gum T 
Up is w of stress (either internal or external) under which the 
“Search į orking, There сап be little doubt that considerably more 
ask sit 18 necessary before the various complexities of the group- 
ч. uation are isolated and the importance of these variables 


olera 
"m з 
inants of ‘demands’ 18 assessed. 


Bro 
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Before concluding, however, 2 note of caution must be reintro- 
duced. Earlier in this paper, it was pointed out that while Fiedler's 
contingency model was based on an analysis of ‘real’ groups 1 


eight hypothetical situations, Clearly, although an 8 may expect the 
most effective leader to behave in the same manner on structured 
and unstructured tasks, this does not mean that the most effective 
leader will or does behave in the same manner. Similarly, although 
ап S may expect the most effective leader to behave quite differently 
when he has high position power than when he has low position 
Power, this does not mean the most effective leader will or does эй 
have differently. To put this in a slightly different way, the dina 
ence between having high and low position power may appe? 
quite large in the hypothetical situations presented in this pape? 
Whereas in actual groups the distinction may have little, if any: 


Thus, in conclusion, although the present paper has presented 
evidence Supporting Fiedler’s assumption that different omg 
demand different leadership behaviors, evidence rejecting з 
hypothesis that Ss who differ in LPC perceive these demands dil" 
ferently, and some evidence questioning Fiedler’s other assumption 
that the demands covary with the three dimensions of the po 
gency model in a Specific manner, it must be recognized that 
results can in no Way be taken as a direct test of the model. Башт 
they сап only be viewed as supplementary to Fiedler’s pa 

ere they agree with his position, they provide some аттайт 
18 arguments; where they disagree, they merely зэв 
ut the validity of his assumptions and point to a 
Tther research with ‘real’ groups in ‘real’ situati 


Summary 


ic 
The present Paper was an attempt to explore two of the bas 


: 8” 
шин underlying Fiedler’s contingency model: (1) ve 
ption that different, &roup-task situations “require а ve of 


leader-group member interaction,” ie. ‘demand’ different tY nds 
leadership behaviors; ang (2) the assumption that these “дета 
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effective leader” should perform in each of eight group-task situa- 
tions on a Behavioral Description Questionnaire. The results in- 
dicated that although these ratings of the most effective leader’s 
behavior did vary across the different group-task situations, the 
ratings were significantly influenced by only two of the three group- 
task dimensions isolated by Fiedler: namely, the dimensions of 
leader-member relations and of leader’s position power. Additional 
hypotheses related to the contingency model were investigated 
and discussed, 
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: ce 
observed carefully. In the case of the concave face, the кес 
shows apparent movement; the nose seems to swing roun Дег}, and 
the observer moves, the eyes and cheeks move to a lesser extent, 
the whole face appears to move ina ‘rubbery’ way. sex real 

In the experiments reported here, we investigated "RW (1) 
faces and also flat faces, using a ‘portrait? of a trained hee d. The 
on a television screen. Concave faces were not ipea en 
'straight-at-S' gaze we used in the laboratory is a е ЭГ 
from that of real life, In the laboratory, L looked 8 straig лан 
bridge of the nose: in real life he would look him straight in ks, pro- 
It is immaterial, in real life, at which of 8% eyes the 1 We e at S's 
vided he look at only one of them: if L looks with his ыг 7 ani n 
right eye, and with his right eye at S's left eye, both e indeed 
have the impression that L is looking straight. through However, if 
he is, since his eyes are converged at optical ia is looking 
L looks at only one of S's eyes, S still perecives that 4 : Sim 
Straight at him. If L now switches his gaze to S's other nein 
perceives, paradoxically, that L has shifted his gaze m в а tech- 
ues to look straight at him. (This ‘eye-switching’ is use! ч into the 
nique in acting. Screen actresses are taught, when eer’ of his 
hero’s face in close-up, to switch their gaze alternately шалт to gaze 
eyes in turn, ав if ‘searching his face.’ They are not taug 
at the bridge of his nose.) onfirmed) 

Experiment I reported here followed (and generally fateasti an 
the Pioneering efforts of Gibson and Pick and of Cline.’ looked a 
Pick required each 8 to judge whether or not he was a scd one 0 
by a trained ‘looker’ (L) 200 cm. distant from him. L fixa ntal line 
Seven points, Spaced at 10-cm. intervals along a p ni hav- 

rawn on the wall behind S's head, the middle point of “эрээн was 
ing a position equivalent to the bridge of S's nose. cer 30° 
xed in one of three postures: straight ahead facing S, tur 


os- 
the left, and turned 30° to the right. For each of the three hee ай 
tures, the frequency distribution of S's ‘yes? responses т The 
te. judgments that ‘L is looking straight at me’ were p 4 gig con- 
means of the distribution were taken as an indication 0 n indic?" 
Stant errors (CEs) 


» and the standard deviations (SDs) asa 
tion of Ss threshold 


about the same whe 


rere 
esholds We 
S. Gibson and Pick found that thresho 30°: 


5 urne 
n L looked askance at S, with head tur 


king Pr, 
17.1, Gibson and А. fw 
havior, 


^s 100! 

D. Pick, Perception of another person's, 
386-394 ; 

а perso; 


: tion О 
this JOURNAL, 76, 1963, ; М. G. Cline, The percept! 
1 is looking, this Journ, go 1967, 41-50. 
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as when > 
was га E directly at S. Resolution of L's direction of gaze 
olds, ORS ilie 3 an equal to Snellen acuity. The CEs, unlike thresh- 
apparent dms ae by the head position: turning Ls head caused an 
aimed his їнийн F^ gaze. To paraphrase Gibson's results: when L 
then S eiie е s left shoulder but looked askance at S's left ear, 
an apparent ee to be looking straight at him. Gibson called this 
Pose to call it i t in the direction of L's head movement. We pro- 
Posite directi an арратепь shift of L's gaze to S's right, i.e. in the op- 
verbal; Gite оп to L’s head movement. The difference is purely 
аір I used a null method, reporting the shift in L's gaze 
his null gl m eut for S to perceive L as looking straight at him. 
from the e t, as in ай null methods, was in the opposite direction 
duction нэ which was being nulled. We used а matching or repro- 
in the Par prefer to say that the direction of S's CEs were 
and in our ow irection to the head turn, both in Gibson’s results 
Conditions = n. (The CEs that were obtained, below, in comparable 
Son’s.) ere, we might here note, about half as large as Gib- 
Cli 
йш, мы LE S with a mirror 1 
cluding on ooked at a set of 13 targets 
а high de i target located between his eyes. S was able to judge with 
Was a no Зэв of accuracy whether he was being looked at; the CE 
1.55 om eligible .14 em. to S's right, and the threshold (SD) was 
Sents a yd a rotation of L’s eye through 45 min. of arc. This repre- 
from gj inear deviation of L’s iris through only 18 mm., which 
he woe distance represents an acuity of .51 min. of arc, 
i а than Snellen acuity. This is also rather better than 
-center gure of 1.1 min. of are. Accuracy for judgments of gaze at 
additi targets was considerably less than for the center target. 
Diar? irrespective of target position, there was an unexplained 
ling dhe 878 right, ranging in value up to 4.57 ош. 
With a h n modified his equipment and replaced the target board 
J dine UM row of five targets positioned at —10°, —4?, 0°, 
Ways арга) The L’s head could assume different positions: (0) al- 
Tight aight ahead directly facing 8, (5) always turned 30° to the 
L^, ? 9nd (c) turned on each trial in the direction of gaze, so that 


аны ae always centered in their sockets. With L's head 
i to the right, the threshold value for the center target rose 
99 cm., a finding at variance with 
ported no such loss of acuity. The 
f the center was also decreased, 


mage of L, 122 em. away from 
scattered about his head, in- 


co 

that ably, from 1.55 em. to 9 
acuity f ibson and Pick, who re 
Or targets either side O 
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though not to the same extent, Large CEs were reported “in the di 
rection of the turn of the head.” Cline did not make it absolutely 
clear what this means, but he remarked that his results agreed with 
Gibson’s. So it appears that he found, as did Gibson and the present 
writers, that if L's head pointed toward S's left shoulder, then L's 
gaze at S's left ear seemed to S to be directed at S's nose. (We pis 
to call this a CE “in the direction opposite to the head turn. 
When L changed his head posture for each line of regard, keeping 
his eyes stationary relative to his head, then all target positions 
had the same threshold (4° to 6.75°), except for the center target, 
whose threshold was lower (2.89), CEs were small and again “in the 
direction of turn of eyes and head.” : 
The present experiments extended the analyses made by Gibson 
and Pick and by Cline, of the stimulus for the perception of leaks 
behavior in another person. Gibson and Pick studied a single case 0 
the perception of where a person is looking: the perception of apes 
looked at. Cline extended this by measuring CEs and thresholds = 
a wider range of gaze directions. We have varied some other gr 
lus parameters and have measured the linear funetion which relates 
the actual to the perceived direction of gaze. Gibson and Pick a 
covered the shift of the PSE when Ls head was turned, i-e. the hea 7 
burn effect. In the experiments below we discovered also that 55 ig 
sistently Overestimate all deviations of L’s gaze from the таш 
ahead, ie, show the overestimation effect. We have tried to rela Л 
Sur findings, and those of Gibson and Pick and of Cline, to the a 
dd Stimulus provided by L’s eyeball. We have also investigated ил 
Possibility that the effects obtained with a human L could эр 
Produced Бу manipulating the geometry of the artificial eyeball. «do 
present the hypothesis that the main determinant of judged en 


tion of gaze ї : ТЕ isi t of th? 
кА 01 gaze is the centering of the pupil in the visible part 0 


EXPERIMENT I ly 
Method. Two proe cod direct 
a od. Two Procedures were used. In the first (No ТУ), S looked di го” 


L's head, ace 
8 head. In the Second, 8 looked at a TV picture of L's head. In ec edut? 


cedure, 8? 2 : i ӨВ 
e, S's task Was to judge the direction in which L was looking. 77? chin 

1. The L sat facing 8, at h use ced 
rests. Midway betwee; ally pd 
„as сабот. 
it, and 6 cm. above eye level. The scale was C? put P^ 


© Оп one face, so the markings were visible to the 
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Looker,L, turned 
counterclockwise +30° 


| T 
HE 
Y 
1] 42 
ү ст 
Horizontal scale |! 
Р 7 
(markings not 
visible to S) 
42 
cm 


Subject ,S, holding up 
rod to indicate judged 
direction of gaze 


Fro. 1. PRocEDURE 1, EXPERIMENT I 


Neg i; 1 
"Вау values refer to targets on S's left, positive values to targets on S's 
On each trial, S held a short rod up to the scale to mark the point at 


Nght, 
whi 1 н 
‘eh he thought L was looking, and Ё recorded the reading. L was а male 


Wit А : 
h Small green eyes. Five practice trials were Tun, then L fixated the nine 


Ary А ‹ j à 
Sets in random order until each target point had been fixated three times. 
the posture of L's head: 


itai 7816 three conditions, distinguished by пе ot De е 
S's ahead facing S (Normal to Subject? ; turned clockwise o oe 
m and turned counterclockwise to --30*, to S's right. In each conditi 
Mi ins, random order of fixations Was used. em 
isp rocedure 2. This was essentially the same, but now 8 e А pem 
yn ayed on a ТУ sereen by means ofa closed-circuit TV link ( Pig- : 5 ын 
ot ы V camera was placed where S had been sitting, and S Жон e саран 
tar T chair, facing a 17-in. TV monitor at 2 distance of 84 ст. is ! Хэрэг 
wee on the original scale, but midway between S and the TV E ^ z 
ced an identical scale, on which 8 indicated the points at which he 1 Y! 
ace on the screen to be looking. The distance from S to the au vam 
ans 1688 was the same as from L to the camera, namely 84 cm. ; i = 
fee oe picture of L's face was exactly life-size. The original three conc i 


ас ‘ned! wi itions of the TV 
of Ls head posture were now combined with three positions 
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screen giving nine conditions in all. The positions of the TV screen 
straight ahead facing S (TV Normal), turned clockwise —30° to S's left | all 
30°C), and turned counterclockwise +30° to S's right (TV 30°CC). үн 
other respects Procedure 2 was the same as Procedure 1. Each S made а to 
of 324 judgments in the two procedures combined. 

Subjects. The Ss were six men graduate students in psychology, 44 
old. All had normal or corrected vision. They were instructed to !D 


22-33 yr. 
dicate 


ive as t0 
where L was apparently looking, as described above, but they were naive 2 
the purpose or expected outcome of the experiment. 
4 16: 
Results. The results are plotted in Fig. 3 (mean of six ave aid 
he 


gression line was fitted to the data for each condition, with the ns 
of an Olivetti Programma 101 computer. The regression equatio 
are printed next to each curve in Fig. 3 and take the form 

У = mr C. 1 
where y is S's judgment of where L was looking, x is the дерд 
which L was actually looking, с is the intercept of the цо” 
curve, ic. ће CE made by S, negative values to his left, Роз the 
values to his right, and m is the slope of the regression apes 


TV monito! -30° 


, Looker,L, in turned clockwise * 
Looker normal’ position ^^ 
( 
1 / Ч icture 
1 4 M Be ai 
Yi Ё Ч pg fupe 
42 / T 
cm ү horizontal | scale 41 
j, (not Seen by camera) | (seen by 2 4 
Е y 0° * - y {O° 
42 
cm 


— Ne 
TV 


camera Subject, S. holding ыг 
rod to indicate 19088, 
direction of 175 9° 


Fic. 2. Procepure 2, EXPERIMENT I 
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factor or systematic error by which S over- or underestimated the 
angle of L’s gaze. This m would be less than 1 if S underestimated 
and greater than 1 if he overestimated. In practice, it was found 
that S always overestimated the deviation of L’s gaze from the 
Straight-ahead position, and m was always greater than 1. For ex- 
ample, when L’s head was turned —30° clockwise in the No-TV ar- 
rangement of Procedure 1 (Fig. 3), it was found that: у = 1.65х 
+3.85. This shows that the direction of L’s gaze, expressed as a de- 
viation of his eyes from the ‘straight-at-S’ position, was overesti- 
mated by 65% (m = 1.65), and superimposed on this systematic 
error of overestimation was a constant shift of S’s judgments by 
+3.85 to S's right (c = 3.85). 

—All conditions: Systematic error of overestimation: Parameter 
m. In all conditions S overestimated the deviation of L’s gaze along 
the horizontal axis, by amounts ranging from 50% to 87% (m = 
1.50 to 1.87). This means, roughly, that if L gazed at S’s ear, it 
Seemed to S that he was gazing at S's shoulder. Since this overesti- 
mation was a percentage error, the absolute error in degrees was 
least for gazes aimed straight at S and greatest for gazes aimed well 
away from him. The percentage errors of overestimation were least 
in the simplest conditions, which were also those which S reported as 
being easiest, namely when no TV link was used and when L’s 

ead was in the straight-ahead posture. The condition in which 
least overestimation occurred (50%) combined both these factors. 
As conditions were made more complex (ie. TV introduced, TV 
Screen turned, L's head turned), so percentage overestimations in- 
creased, the largest single factor being L’s head posture. This over- 
estimation effect appears to be newly discovered. 

—L’s head posture: CEs: Parameter c. When L’s head was 
turned in one direction, his gaze seemed to S to deviate in the oppo- 
Site direction. When L’s head was turned clockwise to —30? (to S's 
left), S perceived L's gazes ав apparently shifted by an average CE 
of 4-7.79 (to S's right) when results were averaged over all TV con- 
ditions, Similarly, when 1/8 head was turned counterclockwise to 
+80° (to S's right), his gazes were apparently shifted by an average 
of —5.44° (to S's left). This confirms the reports of Gibson and 
Pick and of Cline. 

—TV-screen. positions: CEs: Parameter Gs When the TV screen 
Was turned, L's gaze appeared to 8 ю deviate in the same direction. 

When the screen was turned clockwise to —30°, L’s gazes were ap- 
Parently shifted by ап average CE of —1.81° (results averaged 
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NO TV TV NORMAL 


с у= 165х +3 85 


3-0 SU. у= 1 50х –0 05 3 
ә Sor y-169x —3.48 5З 
3 H 
£cd- Ж 9 
3 


Actual direction 


Actual direction 
of L's gaze 


of L's gaze 


you7ix snas 
у= 182x + 3^ 
ye 187x — 3:29 


„з Ул 86x 529 
Y= 1.66х — 180 
У= 1.86х – 8:93 


710% 20 
Actual direction 
+ of L's gaze 


10° 20° 
Actual direction 
of U's gaze 


зФ- 


-ай- 


Lookers head nas, олоо Normal to Subject 
wee Omma Turned clockwise —30? 
Quo Tuned counterclockwise 4 30^ 


Fic. 3. Ss? 
-8. 8s’ Jupamenrs or L's DIRECTION or Gaze: 
ExPERIMENT I 


over all head postures), 
counterclockwise to +30 
average CE of +4.56°. 


—L's head posture vs. TV position: Comparison of CEs: Pa 


Similarly, when the TV screen was turned 
°, L's gazes were apparently shifted by 8 
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Ж 

го hs CEs produced by turning L's head were about twice 

WeEB-of Ау ne CEs produced by turning the TV sereen, and they 

the Gp sign. Turning L’s head from —30? to +30° shifted 

Нүдэн P +7.7° to —544. a shift of —13.14° or —21.9%, 

Sor -1 c ie the TV through the same angle shifted the CE 
. to +4.56°, a shift of --6.37? or +10.6%. 


Exrertent П 

dgments of vertical devia- 
ior Procedure 1 (No TV) 
tanee of 84 em. The 
cally, running from 


Яо с experiment we investigated ju 
of Ex im; Conditions were the same аз 
scale den scone I. L again sat facing 5, ata dist 
+30° en the targets was now placed verti 
Ward) таз] through 0° (level, straight ahead) to —20° (down- 

5 lower T scale could not be extended further downward because 

etween 5 lids hid his eyes from 5) The scale was placed midway 
Were six and 8 and 6 em. to the right of S's line of sight. The Ss 
99-33. - graduate students in psychology (five men, one woman), 

yrs. old. Three of the men had also served in Experiment I. 


ee The results are plotted in Fig. 4 (mean of six Ss). They 
ions к uninteresting, since they show that S perceived L's direc- 
sults ine more or less veridieally. The great discrepancy in re- 
reflects " een judgments of horizontal and of vertical gazes no os 

e L's he considerable difference 1n the stimuli provided to 9 by 
ы сн When the eyes move sideways, the amount of white 
Ordin visible on either side of the pupil varies approximately = 
amount to a sine law. But when the eyes move vertically, - 
yes lo = sclera visible varies in а nonlinear manner. W hen the 
above ok upward, sclera becomes visible below the pupil but not 
y il: and when the eyes look downward, no selera is visible above 
Pier... the pupil. This is because of the different behavior of the 
upil d lower eyelids. The upper lid tracks the upper edge of Se 
Operat ын the whole range of its vertical movements Up and down, 
Dis, by an efficient position servo, whereas the lower lid pm es 

був ard for downward gazes but does not move upward for gazes 
"esu, 5° level. No trace of this nonlinearity Was noticed in Out 
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ment of the perceived direction of L’s gaze, in the same direction ing 
the turn of the Ty screen; the head-turn effect, an apparent = 
Placement of the perceived direction of L’s gaze, away from Ше : 
rection of L’s head turn; and the overestimation of the deviation 5 
L's gaze from the straight ahead. We here put forward some T 
potheses which attribute the TV-screen-turn effect to the RUM, 
орна тү Screen; and the head-turn effect апа the overestimation 
the specia] geometry of the eyeball. ex 
е TV-screen-turn effect probably arose because of the ийн 
curvature of the TV sereen. All TV screens are convex, with the а е 
ception of projection TVs, which are now quite rare and which = 
were unable to obtain. The radius of curvature of the TV scree? нм 
used was "Pproximately 30 em. so, strictly speaking, our TV m 
бин not a ‘flat face’ but a convex face, albeit less convex than 2 a a 
. face (of flesh and blood), Any such convexity made the TV imag n- 
little less like a flat Painting, and a little more like a three-dimo, 
sional statue. When д statue is rotated, its line of sight rotates V is 
it, as would a rod sticking rigidly straight out of its eye. The ээрсэн 
true, to a lesser extent, of a convex TV image. The greater рэн pe 
vexity, the more the direction of gaze is likely to rotate рет pn 
of rotation of the portrait. This effect can be verified using апу и 
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ture postcard of a portrait looking straight at one. Tilt the card: the 
portrait continues to look unwaveringly at you. Now curve the card 
so that it is convex: the direction of gaze now moves in the direction 
of tilt, and the greater the convexity, the greater this effect. Now 
curve the card the other way, so that it is concave, and the effect is 
Teversed: the direction of gaze now moves in the direction opposite 
to the tilt, and the greater the concavity, the greater this effect. We 
Tegard this effect as of only minor interest. 

The overestimation effect is more interesting, and it appears to be 
& newly discovered effect. It occurs, in our opinion, because only 
part of the front surface of the (spherical) eyeball is visible through 
the aperture of the eye socket. So, for example, if the pupil moves 
through one-tenth of the eyeball’s circumference, it will move 
through more than one-tenth of the eye’s visible surface. S’s judg- 
ments are made on the basis of the visible surface of the eye, not on 
its hidden parts. Therefore any eye movement is judged as larger 
than it really is. 

The head-turn effect occurs for similar reasons. When the head 
turns, the eye sockets turn with it. If the head and eye sockets turn 
While the eyes are kept fixed on a stationary point, the position of 
the iris changes relative to the socket and eyelids around it. It is this 
Change which alters the judged position of the eye, for the position 
of the eyes is judged largely by the position of the iris relative to the 
eyelids, The head-turn effect is independent of S's judgments of the 
Position of L’s head, or of any gestalt-like qualities of the face, 
Since the effect still occurs when L looks through a peephole in a 
Screen which hides his head from S. As L turns his head behind the 
Peephole while keeping his gaze fixed on a stationary point, S per- 
ceives L’s gaze as moving in the opposite direction to the head turn. 


EXPERIMENT IIT 


Method. The same apparatus and procedure were used as before, but the hu- 

an L was replaced by an artificial eye, the direction of gaze of which 8 

adged, This ‘eye’ consisted of a table-tennis ball 37 mm. in diameter, sur- 
Sunded with an artificial socket: a hole of 27 mm. in a black iris dia- 
ee Thus the diameter of the socket was % that of the ‘eyeball.’ The ‘pu- 
Was actually a hole, as it is in the human eye, formed by the end of a 

m. diameter tube, which ended flush with the front of the ball and ex- 
ашай out through the back. The artificial eye was pivoted about а vertical 
vert eine through its center by means of an offset crank. There La v no 
wie a Spindle passing through the ball, and the crank was quas e үш 
could Both the socket and ‘eye’ pivoted about the same axis; thus E е soc et 
d be rotated while still remaining closely fitted to the ‘eyeball. The ‘eye 
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was aimed at target points positioned from —30° to +30° along а scale, il 
ated midway (42 ст.) between it and the S, as before. Е aimed the eye a 
sighting through the tube. Each S judged the direction of gaze of the wee 
eye while sitting, in turn, in three positions arranged in a 60° are around m 
‘eye’: a central position directly facing the ‘eye’ (Normal), a position 40 pori 
S's left of the center position (Clockwise — 30^), and a position 40 cm. to xs 
right of the center position (Counterclockwise +30°). Thus the ‘eye’ nee * 
Ways set to gaze at the same range of target positions, but S changed his po 
sition for each of the three conditions. 


р 5 хүд 
Subjects. The Ss were six graduate students in psychology (four men, t 


: 4 
women), 22-33 yrs. old. Three of the men had also served in Experiments I an 
IL. 


Results. The results are plotted in Fig. 5 (mean of six Ss). They 
show that all deviations of gaze of the artificial eye from the 
straight-ahead (0°, Normal) target were overestimated by about 
63%. This parallels the results of Experiment I for real, human 
eyes. The results were almost identical for the three conditions: the 
position in which S was sitting made virtually no difference in his 
judgments of direction of gaze. 


ЕхрЕвгмЕхт ТҮ 


at 
The procedure was the same as in Experiment III except tha 


e : Һе al- 
each S now made his judgments of the direction of gaze while 4 
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ways sitting in one position, directly facing the artificial eyeball. 
The independent variable was now the position of the diaphragm 
which formed the artificial eyeball's socket. The four conditions 
were: with the diaphragm wide open (50 mm.; termed No Dia- 
phragm), a control condition in which the whole ball (37 mm. in 
diameter) was visible; with the diaphragm stopped down to 27 
mm., i.e. to 34 of the ball's diameter, placed normal to S, thus simu- 
lating the L's straight-ahead (Normal) condition of Experiment I; 
with the diaphragm (27 mm.) rotated —30° clockwise, simulating 
the ‘L’s head rotated —30° clockwise’ condition of Experiment I; 
and with the diaphragm rotated +30° counterclockwise, simulating 
the ‘L's head rotated +30° counterclockwise’ condition of Experi- 
ment I. The order of conditions was assigned at random to each of 
the six Ss, 


Results. The results are plotted in Fig. 6. With the diaphragm 
Wide open, deviations of gaze were overestimated by 28% (у= 
128 + 0.149), It appears that deviations of gaze are somewhat 
Overestimated, even when there is no diaphragm occluding part of 
he spherical surface of the eyeball. With the diaphragm normal, 
Overestimations of deviations of gaze rose to 5670 (у = 1.567 = 
0.12°), twice that found with the diaphragm wide open. This paral- 
lels the 50% overestimation of L’s gaze found in Experiment I. 
With the diaphragm turned —30° clockwise, all judgments were 
shifted by 15° counterclockwise, against the direction of socket 
rotation (у = 1.282 + 15.4°). This parallels the shift of judged 
Бале against the direction of L’s head turn in Experiment I. In 
addition, overestimations of gaze deviations fell to 28%; we do not 
know why. With the diaphragm turned +30° counterclockwise, all 
Judgments were shifted by 16° clockwise, against the direction of 
Socket rotation (у = 1.072 — 16°). Once again this parallels the 
results of Experiment I. In addition, overestimations of gaze devia- 
tions fell to 7%; again we do not know why. In sum, Ss overesti- 
mated the deviation of gaze of the artificial eye from the straight 
ahead in all conditions. This effect was increased by reducing the 
Size of the artificial socket. Turning the diaphragm (i.e. rotating 

e socket) in one direction caused all judgments of gaze to be 
Shifted in the opposite direction. 


JExpERIMENT III лхо IV: DISCUSSION 
These two experiments showed that the overestimation effect and 
e head-turn effect can easily be generated by manipulating the 
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geometry of an artificial eyeball, They confirm our hypothesis that 
the main determinant of judged direction of gaze is the centering 9 

ће pupil in the visible part of the eye. We could alter the appare, 
direction of gaze either by moving the pupil, or by exposing differen 

"mounts of white on either side of a stationary pupil. We measure 

the position of the pupil in this socket for various directions of 6829) 
both for 1% eye and for the artificial eye, by viewing the or 
through a telescope with a graduated scale. We found that 5's judg- 
meg of 1% gaze, including the head-turn effect and the overesti 

mation effect, could be predieted in a general way from the physica 
centering of the real or artificial pupil in its socket. Thus, S was е 
sponding largely to the physical stimulus of L’s eyeball. However 
there was a small discrepancy between the artificial eyeball e 
lus and S's judgments, and a larger one between Тв eyeball stimulus 
and 88 judgments. 

„The centering of the pupil is not the only determinant 
direction of gaze. We found that the apparent gaze of the 
eyeball could be displaced to the left by tilting the diaphrag 
rounding it to the right, even when the diaphragm was set 86 5 
in diameter—larger than the eyeball and not occluding any P? was 
it. This seems to be a kind of ‘tilt contrast? effect. The effect 
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small, but quite clear. In addition, as Luckiesh has pointed out, 8 
pair of eyes in a portrait will tend to look in the same direction as 
the rest of the face.? So although the positioning of the pupils is a 
sufficient condition for the perception of a particular direction of 
gaze, it is not a necessary one. Other factors play 8 part in the com- 
plex processes that occur when one tries to judge where somebody is 
looking, 


SUMMARY 


7 In Experiment I, six Ss judged the direction of gaze of a trained 
looker’ (L), either with L actually across from him or on a closed- 
circuit TV link. L fixated target points arranged at —20°, —15°, 
-109, —5°, 0°, +5°, +10°, +15°, and +20° along a horizontal 
Scale. When fixating the target at 0°, L was gazing straight at S. 
Linear regression functions were fitted to the data. It was found 
that S consistently overestimated, by 5090 to 87%, the angle by 
Which L's gaze was turned away from him. Turning the TV screen 
30? to left or right resulted in a 10.696 constant error (CE; here 
demonstrating an apparent shift in L's direction of gaze) in the 
same direction as the TV screen was turned. This was probably 
due to the curvature of the TV screen. Turning L’s head 30° to 
the left or right resulted in a CE about twice as large (21.9%), 
and in the direction opposite to the turn of the head. The greatest 
CEs occurred when the head was turned in one direction and the 
TV sereen in the other. In Experiment II, Ss were able to judge 
178 directions of gaze along а vertical axis almost veridically. 

In Experiments III and IV, with the same setup, six Ss judged the 
direction of gaze of an artificial eye along а horizontal scale. Results 
Paralleled those of Experiment I. Ss again consistently overesti- 
mated deviations of gaze. Reducing the size of the artificial socket 
increased the overestimation in the predicted direction, from 28% 
to 56%. Turning the artificial socket (equivalent to turning L’s 
head) resulted in a CE of 50.5% in the direction opposite to the 
turn, as predicted. S's viewing position had virtually no effect, on 

is judgments. It was concluded that judgments of direction of gaze 
are determined principally by the position of the pupil in the visible 
Part of the eye. 


2 M. Luckiesh, Visual Illusions, 1922. 


COGNITIVE DEPENDENCE ON ADDITIVE AND 
CONFIGURAL CUE-CRITERION RELATIONS 


By Bernot ВвЕнмв, University of Umea, Sweden 


In the last few years there has been an increase in studies on how 
humans integrate information from various sources into judgments. 
In part, this research has grown out of the controversy over the mie 
tive efficiency of clinical and statistical prediction.! Following ыг 
suggestion by Meehl, studies in this area are now investigating 
“the cognitive activity of the clinician”? instead of continuing ын 
compare the accuracy of clinicians with that of regression equations. 
That is, the emphasis has changed from a comparison of the relative 
accuracy of the two methods to a comparison of how clinicians 88 
regression equations use the available information to arrive at р! 
dictions. This is, potentially, a more fruitful approach to the prob: 
lem, since if there are any differences in accuracy between clinica 
and statistical prediction, they must stem from differences between 
tow clinicians and regression equations utilize the information 
avanable to them. Once these differences are known, it should b 
possible to derive the relative efficiency of clinical and statistica 
prediction for all possible kinds of prediction tasks, and furthe! 
и of the accuracy of the two methods would not be nec” 

The typical procedure in studies of the process of clinical 1 1 
ment has been to present a judgment task (e.g. a series of MMP’ 
v ы ; he Ss (e.g. clinical psychologists, physicians, ue 
ob ded 8 and ask for a series of judgments (e.g. whether A НЫ 
: epicted in a profile was neurotic or psychotic). After " 
judgments have been collected, the relations between these judg 
ments and the various sources of information have been analyze 


udg- 
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by means of some standard technique such as multiple regression 
statistics or analysis of variance. 

The typical finding in these studies has been that most of the 
variance in the response systems of the Ss can be accounted for by 
means of a linear multiple-regression equation; ie. the clinicians 
seem to utilize the information in the same linear, additive fashion 
as the actuary.* As Hoffman pointed out, these results are at vari- 
ance with what the Ss themselves say that they are doing.* If, for in- 
stance, a clinical psychologist is asked how he uses his information, 
he will often say that he uses it configurally, t.e. that his interpre- 
tation of one kind of information is contingent on what other sources 
of information show about his patient. Still, the majority of the 
studies indicate that most or all of the variance in his response 
System can be accounted for by а linear multiple-regression equa- 
tion. When evidence for configurality has been found, the configu- 
rality has accounted for а miniscule proportion of the variance; 
furthermore, it has not been entirely clear whether the configurality 
is true configurality or is due to inconsistencies in the Ss’ use of the 
response scales. Thus, there is at present very little evidenco that 
humans use information in any other way than the linear, additive 
(or averaging) one. These results raise the interesting question of 
Whether this form of information utilization is inherent in the hu- 
man information-processing system or whether there are alternative 


explanations of the evidence. 

Research on human judgment seems to have proceeded from the 
explicit or implicit hypothesis that there is, somewhere in S, a single 
Drocess of judgment, the characteristics of which can be extracted 
from an analysis of the relations between the information available 


to the judge at the time of judgment and his responses. Thus, Ander- 
Son pursues the question of additive vs- averaging models of the 


SL. R. G imple models or simple processes? Some research on 
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judgment process, while Hoffman and his co-workers try to deter- 
mine whether the process is a linear, additive one, or if it is configu- 
ral The obvious alternative to this hypothesis is to assume that 
judgments reflect how Ss have learned to utilize the information 
available to them. This hypothesis demands that we shift our atten- 
tion from the subject side to the task side of the problem; for if 
judgments reflect the ways in which 8 has learned to utilize infor- 
mation, then judgments made with respect to a particular task would 
reflect the characteristics of that task rather than any general cog- 
nitive process within S. If this is true, task characteristics have to 
be as carefully considered as subject characteristics if we are шин 
rive at an adequate understanding of how humans make judg- 
ments. This was precisely the point Brunswik made clear with Be 
lens model (Fig. 1), which pictures S as a mirror image of his task. 


. Testing the hypothesis. The hypothesis that the judgment proren 
18 a function of the task characteristics is more conveniently teste 

in learning experiments than in naturalistic studies of clinicians, m 
the exact characteristics of the task facing S can be made clear т : 
learning experiment, This is hardly ever possible in nonexperimenta 
studies of clinicians, since even if we know the characteristics of = 
Specific sample of cases for a given task, we cannot reconstruc 

the general sample of cases that the clinician has encountered in 
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learning to make his judgments. Utilizing the learning-experiment 
approach, Hammond and Summers were able to show that humans 
can learn to utilize nonlinear as well as linear relations for making 
inferences from a set of cues іо a criterion variable.” Their results 
demonstrate that the implication from earlier studies of the process 
of judgment—the implication that humans are limited to a linear 
use of information—is not generally valid; rather, their results 
showed that humans can learn to utilize nonlinear relations 7/ there 
are such relations in their task. The second implication from the 
Studies on clinical judgment—the implication that humans are lim- 
Мед to an additive combination of information—has remained un- 
tested, however. The present study is an attempt to test it by investi- 
gating whether Ss can learn configural tasks, i.e. tasks where a cor- 


rect judgment cannot be arrived at by an additive combination of 
cues, 


METHOD 


Subjects and design. The Ss were 40 undergraduates at the University of 
med. They were paid to participate in the experiment. The design of the ex- 
Periment was л 4 Х 8 factorial having four tasks, with different kinds and 
amounts of configurality, and eight blocks of 50 trials each. The Ss were ran- 
Omly assigned to the four experimental conditions. : 
Learning tasks. The four tasks required Ss to infer the state of a criterion 
Variable from the state of two cue variables. The tasks differed with respect to 
е relation between the cue values and the criterion values. For Task A, this 
relation was a linear, additive one; the criterion variable, Y, was a linear func- 
tion of the sum of the two cue variables, X; and Xa. ie. Y = a + b (Хх. + Ха). 
n this task there is, of course, no configural variance. For Task B, the rela- 
tion was a linear function of the product of the cue variables, te. Y=a+b 
X, Хз). This task may either be described as a totally configural one, in that 
Ч е criterion is a function of the product of the cue values, or as a task with 
inear as well as configural relations, where the linear relations account for 
*pproximately 90% of the variance and the configural relations for the re- 
maining 10%. In Task C, the criterion variable was a linear function of the 
ratio of the two cues, ie. Y = а + (Хз / X:). This task may also be de- 
Scribed either as a totally configural one or аза task consisting of both linear 
aug configural components; here, each of the two components accounts for 
*Pproximately 50% of the variance. In Task D, finally, the criterion values 
Were a linear function of the absolute difference between the cue values, i. 
=a + b |X; — Хз]. In this task, all of the variance in the cue-criterion 
ations is configural, in the sense that the correct answer can not be arrived 


У a linear, additive use of the cues; the multiple correlation between cues 


criterion is R — .00. Thus, the four tasks could be ordered with respect to 
configurality. These two variables 


Upe of configurality as well as amount of 
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Ч, ae ince the 
were confounded. as they must be when configurality а а сор» 
problem investigated in the present experiment was whet мм шон of configural- 
figural relations, it was more appropriate to sample various IT Using one pate 
ity than to vary the amount of a specific kind of configurality : smilie. 
ticular form of configurality would have unduly restricted the icm mb 

For each task, 400 trials were constructed by using all 400 айн 2 varied in 
tions of 20 lengths of lines as cue values for both cues. The cue er ыг length of 
steps of 1 em. from 1 through 20 em. The criterion variable was а эээ in four 
a line, varying from 10 to 250 mm. The task was presented to th erie. 
booklets. Each booklet contained the cue and criterion values for к; n were 

Instructions. The instructions were the same in all conditions. The alis 
told that there was a relation between the cue values and the cidit a 
and that their task was to learn this relation so that they could мин the rela- 
terion values from the cue values. They were not told the nature о 
tion. “01168, 

Procedure. For each of the 400 trials, each S (a) observed the cie on 
(5) made his prediction of the criterion by marking off on а ie asd (0) 
his answer sheet the length he predicted the criterion line to | den om^ 
turned the page to observe the correct criterion value. All 400 tria à Ss were 
pleted in a single session with a brief pause after each 100 trials. ils experi- 
allowed to work through the material at their own pace. The who 
ment took 214-3 hr, for each S. 


na- 


RESULTS f the 
ter version 0 
The data were analyzed by means of the Tucker eos Hursch, 
lens-model equation Whieh was originally developed : ievernent 
Hammond, and Hursch.19 This equation relates the ach 


1 К ‚ or configu- 
(ra) of each S to his learning of the linear and nonlinear, or 
ral, aspects of his task: 


t = ORR + Су 1 Е ү Е? , 8 and 
is the correlation between the predictions made iei ac- 
rion values, G' is the correlation between ihe үнээн task 
counted for by a linear multiple-regression equation 5 tion in 
and that accounted for by a linear multiple-regression аа cue 
878 response system, R, is the multiple correlation ipis tone 
values and the criterion values, R, is the multiple correlat relation 
tween the cue values and the S's responses, and C is eee 
between the variance unaccounted for by a linear — such 
sion equation in the task system and that unaccounted for 


where r, 
the crite 


sur 
р 5 5 is а mee 
an equation in 88 response system. In this equation, G is 6 opent 
ОР” evelopn ad, 
10 L. R. Tucker, A suggested alternative formulation in the d od 
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of how well an S learns to utilize the linear aspects of his task; C, of 
how well he learns to utilize the nonlinear or configural relations. 
For each S and block of 50 trials, ra, G, C, and R? were computed. 


Achievement. After a transformation to Fisher’s z, the achieve- 
ment scores were analyzed by a 4 (tasks) X 8 (blocks) analysis of 
variance (ANOVA) with repeated measurements on the second 
factor. The results of this analysis indicated that there were signifi- 
cant differences between Conditions with respect to the overall level 
9f achievement [F (3/36) = 9.65, p < 01], as well аза Blocks ef- 
fect | Г(7/252) = 18.80. p < 01] anda Condition x Blocks inter- 
action [Р (21/252) = 2.40, р < .01]. The Condition Х Blocks in- 
teraction was due to the fact that the rate of learning was different 
in the four conditions (sce Fig. 2). While there were large differ- 
ences with respect to та in the first blocks of the experiment, these 
differences decreased as a function of blocks. The difference be- 
tween the four groups in the last block was not significant (p > 
05), indicating that the Ss learned their tasks equally well by the 
end of the training. Thus, configural relations influenced the rate of 
learning but not the terminal level of performance. 


Linear aspects. Only in Tasks A, B, and C were there systematic 
scores obtained 


linear relations between cues and criterion. The G 1 
for these groups were subjected to Fisher's z transformation and 
analyzed by a 3 (conditions) X 8 (blocks) ANOVA with repeated 
Measurements on the second factor. The results of this analysis 
Showed that there was a reliable difference between Conditions 
ЇР (2/27) = 14.63, p «011, as well as a Blocks effect [F (7/189) 
= 7.57, p < 01] anda Conditions X Blocks interaction [F (14/189) 
= 2.70, p < 01]. The loci of these effects are made clear n Fig. 3, 
Which shows G as a function of blocks of trials for the three groups. 
эн Fig. 3 shows, all three groups learned the linear aspects of their 
tasks, although the learning was much slower for Group С than for 

е other two groups. Thus, the introduction of configural relations 
Seems to have retarded the learning of the simpler, linear aspects 


of the task. 


Configural aspects. For the three groups—B, C, and D—having 
Systematic configural variance, 2 3 x 8 (three conditions and eight 
locks of trials) “ANOVA with repeated measurements on the second 
actor was performed on the C scores. The C scores were trans- 
formed to Fisher’s z before the ANOVA. The results of this analysis 
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indicated that there Was a significant difference between conditi m 
With respect to the overall level of С ЇР (2/27) = 23.40, p < 0^7 
та well 28 а Blocks effect [F (7/189) = 14.70, р < .01] ап = 
тэм Significant Conditions x Blocks interaction [F (14/189) be 
"oor < 05]. These effects are illustrated in Fig. 4. AS 5 ects 
e p naring Figs. 3 and 4, Ss learned the configural a ын i 
а эь i more slowly than they learned the linear a tm 
bs : also learned the configural aspects less well than they lea j 

e “near aspects, at least for the particular kinds of configur? 
used in this experiment, 

The results from the studies on judgment referred to in th 
duction to this paper, as well as the model for functional 1 
proposed by Björkman, i suggest one possible explanation f 


e intro" 
earning 


re^ 
11 Mats Björkman Studies 1 icti i ions into f 

, Mat 5 i 7 h : Explorations 1059 цор, 
dictive judgments based on fundi мангар ан defined by estima 
categorization, and choice, Scand, J, Psychol., 6, 1965, 129-156. 
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Fic. 3. G as A FUNCTION OF Віоскз or TRIALS 
ron Conpitions A, B, AND C 


“е, namely, that the Ss have a highly linear response system 
a наше them from utilizing the configural aspects of the 
len b o test this hypothesis, the ratio of R? (the multiple correla- 
of th etween the cue values and the responses, which is one indicator 
tudin. amount of linearity in an 88 response system) to R (the 
a correlation between cue and criterion values) was com- 
atic li for each 8 and block for those three groups having system- 
k inearity in their tasks, i.e. for Groups A, B, and C. Fig. 5 shows 
о R2/R as a function of blocks for these three groups. As 
ч e seen there, no group had a higher degree of linearity in the 
wd system than there was in the task system. Ss in Group D 
See had a totally configural task) had some linearity in their 
and nse systems, although the multiple correlation between cues 
responses was generally very low, with a mean across Ss and 


bl 
оез of p.» = 05. Thus, there is nothing in these data to support 
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: neal 
эн hypothesis that Ss tend to have response systems more үм 
ыг the task System or that the linearity of their response syste 

prevents them from utilizing the configural aspects of their tasks. 


Discussion 


е 8 study show that humans are able to leat a 
utilize configural cue-criterion relations if there are such relations er 
the task. The learning of these configural relations was much шах 
and less efficient than the learning of the linear, additive zelat ex- 
but the amount of learning was impressive, considering the comP™ 
ity of the relations used in the learning tasks. 


The results of thi 
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ron Conpitions A, B, AND C 


There are two obvious limitations to these results. First, they 
Vere obtained with a highly simplified judgment task which had 
only two cues. In the typical inference task (e.g. clinical inference), 

ere are considerably more than two sources of information, al- 

9ugh, of course, this is not to say that the clinicians use all the 
Sources available to them for their judgments. In fact, there is evi- 

“nee that they use very few cues.!2 Second, there was no uncer- 
aunty in the relations between the cue and criterion values. In a 
clinica] task, the various sources of information typically have а 
“ед validity, which makes the relations between the cues and 

8 criterion uncertain. (Indeed, it may very well be that uncer- 
amty induces linearity.) Within these limitations, however, the re- 
Sults show that humans are by no means limited to processing infor- 

12 : " А — 
slc У, Shepard, On ubjectively optimum eeler ions ДОО menia ана 


P'imality 1964, 257-281. 
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mation in a linear, additive way: if there are configural relations m 
the task, the Ss do, to a considerable extent, learn to utilize these 
relations for their judgments. Thus, the characteristics of the cogni- 
tive process are indeed dependent on the characteristics of the 008” 
nitive task. 

It is important to note, in this context, that the tasks employed 
by most investigators in the area of clinical inference have Te 
quired Ss to make inferences from test data and that psychological 
tests are constructed to have linear, additive relations between test 
scores and criterion scores, Provided the test constructors have been 
successful, there is very little reason then to expect any configural- 
ity in the response systems of the Ss faced with these tasks. (For 
demonstration of how little the introduction of configural predictor 
variables adds to the predictive validity of the MMPI, a favorite 
task in investigations of the judgment process, see the papers y 
Wiggins and Hoffman and by Goldberg.)!? Consequently, it seen 
reasonable to assume that the results from earlier investigations 3 
the judgmental process have shown the process to be linear and 80" 
ditive because the tasks used have been linear and additive rather 
than because of any process in Ss that might have these character- 
istics. 

It must be remembered, however, that a linear multiple-regression 
equation approximates a number of configural and nonlinear rela- 
tions.1 Thus, even if there are configural relations in the task, 6.0: 
in the relations between MMPI scores and criterion 800168, ү 
analysis of the task by means of multiple regression statistics 5 
а to show that the task is highly linear and additive. The эрт 

olds, of course, for any analysis of the response systems of 55. 
such methods. The ваше difficulties that face the psychologist tryin 
to analyze the relations between cues and judgments or betwee? 
test scores and criterion scores by means of multiple regression pta- 
tistics, also, of course, face a judge trying to find anything but а 
ear, additive relations in his task. If he holds the hypothesis that - 
relations are linear and additive, his hypothesis has, in most 08899 

13 Wiggins and Hoffman, loc. cit. (see n. 5 above); L. R. Goldberg, Diss 


nosticians versus diagnostic ві i 1 is versus D! 

Signs: The diagnosis of psychosis ve 

from the MMPI, Psychol. Monogr, 79, 1965 (No. 602) papers 

b imr Степ, Jr, Descriptions and explanations: A comment On 80, of 

by Hoffman and jdyards, in B. Kleinmuntz (ed.), Formal ертегй обо, 116- 

wagment, 1968, 91-08: . cit., Psychol. Bull., 57, 192 qeci- 

Ee. D. B. Yntema and W.S. оеду аш cooperation з 1961, 
НЕЕ 2(1) 206520101100 sense, IRE Trans. prof, Group hum. Fa 
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an extremely low probability of ever being disconfirmed; and he 
would, in fact, be performing near the optimal level. Therefore, as 
Carroll pointed out, a linear, additive response system would be 
adequate for most practical ригроѕеѕ 15 
: As can be seen from the present data, however, humans are not 
limited to processing information this linear, additive way, al- 
though the linear, additive aspects of the tasks are learned more 
Tapidly and to a much higher degree than the configural aspects. 
arroll, Hammond and Summers, and Summers and Hammond have 
Previously shown that nonlinear relations are learned less efficiently 
than linear relations.1° While these results probably are to some de- 
Sree a function of the properties of the human information-process- 
mg system, it must also be remembered that a statistician, equipped 
With all the tools of his trade, would require more information 
(more trials) to determine adequately the nonlinear aspects of a 
task than the linear aspects, especially in a situation where the cri- 
terion was less than perfectly correlated with the cues. Further- 
more, it might be, as Björkman has suggested, that linear relations 
Ог good approximations to linear relations) are much more com- 
mon than nonlinear relations in the Ss’ ecologies, making the differ- 
ence in rate of learning between linear, additive relations and non- 
linear, configural relations & simple case of transfer of training? 
hus, the result that linear, additive relations are more easily 
„earned is, probably, a function of two things: the cognitive сарас- 
Чу of the learner (either innate characteristics or transfer effects, or 
oth) and the fact that, all things being equal, nonlinear and non- 
additive relations require more information to be adequately de- 

Cted, 

The results on the R2/R ratio present another kind of evidence 
Against any hypothesis of a single judgment process. Although the 
€arning of the linear aspects of the tasks was almost perfect, the 

*/R. ratio stayed considerably below unity. Thus, even though 
з linear rule was correct on the average; he applied the rule incon- 
Sistently, Inconsistency appears to be a general feature of human 
Inference behavior, as а number of studies on multiple-cue probabil- 


STD i ing: The learning of continuous functional 
Жее, al learning: e le g л 
Teg nes к UR and response continua, ETS Hes. Bull, RB-63-26, 
16 Carr it.; d and Summers, loc. cit.; D. A, Summers and 
i R. Жа БОО ано in multiple-cue "tasks ена both 
Near and nonlinear relations, J. exp. Psychol., 71, 1966, уа перац 
lop; Mats Björkman, Predictive behavior: Some aspects based on 
Elea] Orientation, Scand. J. Psychol., 7, 1966, 43-57. 
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ity learning and clinical inference have shown.!? Some recent pm 
indicate that this inconsistency is due to the fact that Ss tend to m 
a number of rules for their predictions interchangeably during ae 
course of an experiment.!® Thus, we cannot expect to find a ээрээ 
of judgment operating according to some fixed rule. Instead, = 
must expect to find that the judgments are made according to § 
number of rules in the same experiment. ? 

Consequently, we cannot conceive of the human judge as à эв 
chine, operating according to a fixed rule which is independent 
the nature of the input data. Instead, we have to picture him as р, 
highly adaptable system, able to utilize information in many mue 
ent ways depending on the requirements of the task. He also 22 
however, the characteristic of inconsistency; i.c. he tends to poole 
number of interchangeable rules for his predictions. It seems rear id 
able to assume that not only the nature of the rules used by 18 
judge but also the number of different rules and the rate at wr" 
changes his rules depend on the characteristics of the task. If "€ 
pieture of the human judge is true, it does not seem to be Y by 
fruitful to continue to study the nature of the judgment эрэр” 
analyses of the relations between the input information and = 
judgments. The characteristics of the judgment task will have to ны 
ав carefully considered as the characteristics of the judge. This hs 
phasizes in a striking way Brunswik’s basic dictum that in an Tb 
understand the nature ef the organism, we have to understan 
nature of its environment as well. 


Implications for clinical prediction. The present data „те 
strate that there is in fact some validity to the clinician's on and, 
he can use information in a configural fashion. On the other pe 
there is nothing to prevent the actuary from using configural а 
dictor variables in his regression equations; the statistical те. 


: : ion 
18 not inherently limited to a blind application of linear regress 


es :Stroduc* 
statistics to data. There is, however, some doubt that the intro 


inference 

15 L. УУ, Dudycha and J. С. Naylor, Ch istics of the human IDA ур, 
: . C. 5 aracteristics of th or’ 

process in complex choice behavior situations Organ. Behav. hum ад1уг408 

the eon 110-128; K. R. Hammond, Carolyn Миен and F. J. Todd, : 

the components of clinica] inference, Psychol. Rev., 71, 1964, 438-45 ;robabilist? 


19 Hiroshi Azuma and LJ. C t attainment with prob à 
feedback, in К. R. Hammond ied) LP oe As v M Brunei one 
258-276 ; B. Kleinmuntz, The processing of clinical information by rudg men 
9, Formal Representation of Huma 
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к of nonlinear, configural predictor variables would really in- 
cu the predictive power of these equations? 
шит, (pec and nonlinear predictor variables can, in fact, be 
Heina] : а ће main difference between clinical and sta- 
öde E ч is not in the kinds of rules used by the two meth- 
E aotan ле consistency with which the rules are being used. While 
ere ту can use his rules with perfect consistency, the available 
linen pee that the human judge cannot. It can easily be 
бшка 1a the accuracy of the predictions isa direct function of the 
Янаг са with which the prediction rules are applied.** Thus, the 
rather > 161264 inflexibility of the statistical method is an asset 
Goldber а а liability. In fact, clinicians would do well to follow 
барь ЕЕ suggestion to substitute for themselves regression equa- 
escribing their utilization of the input information.” 


SuMMARY 


2 lon hypothesized that the characteristics of the human cogni- 
tack мэн are dependent on the characteristics of the cognitive 
Шань ne general finding, in studies of clinical inference, that hu- 
хэ мар information only in a linear, additive way might, there- 
rather Сэ to the fact that linear, additive tasks have been used 
Barnin nan to the characteristics of the human inference process. A 
criteri g experiment comparing the learning of linear, additive cue- 

on relations with that of configural relations showed that Ss 


Wer 5 
€ able to learn configural relations when there were such rela- 


long ; : 
Ons in the task, giving support to the hypothesis. It was concluded 
of human judgment, which is 


“вэ the usual methodology in studies of A | П 
jud nalyze only the relations between the input information and the 
d Anar, is inadequate, and that it is necessary to consider the 
i heii of the task as carefully as the characteristics of the 

arrive at an understanding of the nature of cognitive processes. 


20 
2 Hoffman, 0p. cit., 1908, 64. . 
2; p'Ursch, Hammond, and Hursch, loc. cit. (see n. 10 above). А 
Ќора К. Goldberg, Man vs. model of man: A rationale, plus some evidence 
Method of improving on clinical inferences, Psychol. Bull., in press. 


CONTINUOUS TACHISTOSCOPIC PATTERNS 
REPRODUCED WITHOUT LATERALITY EFFECTS 


By E. Rae Harcum, College of William and Mary 


This experiment tested the hypothesis that the usual hemifield 
differences in perceptual accuracy for binary tachistoscopi¢ pat- 
terns bisected by fixation are produced by a perceptual scanning 0 
the pattern from end to end, causing one end to be favored by * 
primacy effect. The patterns used here were called continuous be 
cause they extended so far to the left or right of the fixational cente? 
that the ends were beyond the range of effective vision. Since there 
were, in effect, no ends from which an end-to-end visual scanning 
could begin, the only physical reference point for a sequential per 
ceptual process was the fixation point, from which the hypothesize 
Scanning has no consistent directional tendency. Thus, the design ° 
the experiment was intended to prevent the usual consistent dite 
бор Scanning of patterns, consequently eliminating laterality ыг 
я in the perception. The perceptual results with such patte 
Should be the same as with presentation of all elements entirely 
either the left or right of fixation in separate exposures, 26. shoul 
show equality of errors to left and right. 
one pes "Y: experiment, using the same approach as the 1 
“ааль e to eliminate the end-to-end scanning, even W! 
ШШ, ag patterns covering 7.9? of visual angle? The 
tha da revealed generally poor accuracy of reproduct 
tion of the 1 он fixation, along with most accurate гер 
хэвийг е tmost, element within the pattern. Therefore, 
perceptual primacy effect favored the left end of the § 
* Received fo 
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pattern rather than the elements about fixation. In the present ex- 
periment there were more elements (28) in the pattern, with the 
end elements falling at positions of greater retinal eccentricity. 
There were two predictions: one negative and one positive. The 
Negative prediction was that the usual hemiretinal differences in 
accuracy of reproduction for patterns bisected by fixation would not 
be obtained with these continuous patterns, regardless of viewing 
eye. The positive prediction was that the minimum errors would 
appear for the elements closest to fixation, with symmetrical gradi- 
ents to the left and right, regardless of viewing eye or with binocular 
Viewing, because the numbers of errors to the left and right of fixa- 
tion would be highly correlated, positively, within each observation. 


METHOD 

Apparatus, stimuli, and procedures were similar to the ones used previously. 

inary patterns were typewritten horizontal rows of zeros on white stimulus 
cards, with various zeros colored with black ink. Each element was 13.2’ 

Tough the horizontal diameter, with spaces between elements subtending 

£'. Total pattern subtended about 134°. Field luminance was 2 ftL., and ex- 
Posure duration was 0.15 sec. There were 28 blackened or open binary ele- 
Ments, arranged to produce 40 different stimulus patterns. Fourteen elements 
aPpeared on each side of fixation, with each element position blackened 
equally often and with seven elements blackened on each side of fixation in 
each exposure. A fixation cross registered with a point between the two central 
elements, - 

Each of 24 paid college-student Os was tested for eye dominance and for 
ta dominance before the experiment began, and then given 10 practice ob- 
?'vations, Conditions of left-eye, right-eye, ог binocular viewing were coun- 
terbalanced for different Os. The 40 stimulus patterns within conditions ap- 
Peared in random order. : : А 
а 8 fixational accuracy was maintained only by instruction; he was in- 

Tucted to depress a telegraph key, which initiated the exposure, when he was 
Properly fixated on the fixational cross. After each exposure of a pattern, O at- 
š тарїеа to mark on a prepared data sheet those element positions corre- 
Ponding to the filled elements in the pattern. The recording sheets contained 
Srizontal rows of 28 typewritten zeros, with a reference marker between the 
WO middle elements. An error was scored each time O marked an open ele- 

ent in the stimulus pattern as filled or left a blackened element unfilled. 


RESULTS AND DISCUSSION 
a Overall effects. The percentages of errors at each element position 
n 9 Shown in Fig. 1 for three viewing conditions. Since accuracy 
ached a chance level (50% errors) at about four elements from 
ation in both directions, Os were obviously not discriminating the 


з 
Harcum, ор, cit., J. exp. Psychol., 68, 1964, 351-356. 
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end elements. As predicted, the distributions appeared symmetrieal 
for each viewing condition, with minima near fixation. This gross 
difference from the usual Shape of the distribution of errors—the 
usual distribution showing minimum errors to the left of fixation 
and maximum to the right of fixation for most Os—supports the 
present hypothesis in a rather dramatic way. ined 

The distributions in Fig. 1 are similar to those Klemmer obtaime' 
using binary lights and poststimulus cues, in that the best per- 
formance was for the elements about fixation. Klemmer's p 
Were different, however, in that he found better performance for её 
ments on the extreme left than for those on the extreme right. win 
with his 21-element patterns the size of the visual angle subtende 
by the entire pattern was not a significant variable, Klemmer e 
concluded that the factors which determined the distributions е 
errors were perceptual rather than sensory, consistent with th? 
present position.5 jti- 

The results shown in Fig. 1 did not, unfortunately, provide а нээ 
cal test of the complete implications of the present Бура 
which stated that the absence of significant hemifield duse. in 
caused by equal performance to the left and right of fixation a 
each exposure for each O rather than by differences in opposite k 
rections from exposure to exposure. A finer-grained analysis 
these results was needed to test the former possibility. 


a 
© 


PERCENT ERRORS 
Es 
5 


(FIXATION) 
ELEMENT POSITION 


Fic. 1, PERCENTAGE or Errors at Ёлсн ELEMENT PosiTION 


UNDER EACH VIEWING CONDITION 
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Analysis by single exposures—Selection of data. An analysis was 
Performed on single observations of individual Os, but only for data 
Selected by rather stringent requirements. First, only the data from 
the four element positions immediately on either side of fixation 
Were used. The Os showed better than chance performance for these 
eight elements only, as is indicated by the results plotted in Fig. 1. 

econd, only those observations in which the stimulus pattern con- 
Sisted of exactly two filled elements on each side of fixation were 
Used. This meant that the data from 16 patterns—in which three of 
the elements on one side of fixation were filled, and only one element 
on the opposite side was filled—were not used. Although such pat- 
terns were necessary for the task, they would result in a lateral bias 
9r each exposure, If O failed to respond at ай, with such patterns he 
Would make three errors on one side and only one error on the oppo- 
Site Side. This bias was counterbalanced over all exposures by the 
“esign of the experiment, of course, permitting symmetry such as is 
Seen in Fig. 1. Third, only the data from observations for which O 
°vertly marked at least one of the eight elements were used. This en- 
“ured that O could not produce perfectly equal performance to left 
And right merely by failing to respond at all; it actually potentially 
làsed the results toward producing unequal hemifield perform- 
8106, because when О marked just one element, it was impossible 
9r him to be equally accurate for elements on right and left. This 
“quirement had the additional advantage of eliminating responses 
m Which О obviously was not following instructions. For example, 
ne O was probably cheating on fixation in later stages of the ex- 
Periment, For his last two viewing conditions the minimum of errors 
ell at the leftmost element, with no obvious dip in errors near the 
Nominal fixation point. This argument is circular, of course, inas- 
риф as there was no way in this experiment of determining O's 
ntegrity of fixation, and this O did not admit to cheating. However, 
са Шегеп О did, in fact, have to be replaced in the experiment be- 
э he became frustrated by this very difficult task, and admitted 
cheating on fixation. 

Y the above criteria there were not sufficient data for two Os to 
Permit their use; consequently, the results of these Os were not in- 
ed in the fine-grained analysis. Since the data from these Os 
m also suspect on the basis of the subjective inspection described 
les 8 Supporting the outcome of the more objective criteria, the 
91 these Os was probably not detrimental to the interpretation 

8 results of this experiment. 
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—General results of analysis. Summaries of the analysis by single 
observations are shown in Tables I, II, and III for left-eye, right- 
eye, and binocular viewing respectively. These tables represent ma- 
trices in which the rows give the number of errors made for the four 
elements to the left of fixation on that observation and the columns 
give the number of errors made for the four elements to the right of 
fixation on that same observation. The cells on the diagonal from 
upper left to lower right, therefore, represent the cases in which the 
number of errors to the right and left were equal for the observe 
tion. The distance of each cell from this diagonal indicates the 
magnitude of the difference in errors between left and right of fixa- 
tion for the individual exposure. The data in cach cell are the жинс 
proportions of the observations for each O in which a given differ- 
ence was found. The data of two Os were not used in these tables 
because the numbers of usable observations were too small, as um. 
tioned above. One of these Os had no usable observations for 006 x 
the viewing conditions, and the other had only two usable qu. 
tions for a condition. Each of the 22 Os whose data appear in, е 
averages in the tables did produce at least 17 usable observatio 
under each condition, however. The 

The results in Tables I, II, and III suggest two conclusions. 
Вэй is that there were no consistent hemifield differences for any 
viewing condition; this is further discussed below. The secon 
clusion is that the responses clustered about the central cell, ide 
represent two errors on each side of fixation. This is not вигрїї 
mg, since two errors per side represents chance performance аЛ, a^ 
task was very difficult, as noted previously. This finding did, Баа 
ever, create a special problem in testing the hypothesis thee үү? 
тоша be no difference per observation, since the central cell Дея 
matrix represents опе of the five ways that a zero difference betw in- 
hemifields could be obtained. Such is true even though the gawa 


d con- 
which 


TABLE I 


N 
Mezan Proportion OF OBSERVATIONS PER O MANIFESTING a 
UMBERS ОР Errors то Lert AND Влант or FIXATIO 
WITH LEFT-EYE VIEWING 


Япон to Errors to right of fixation 
eft of 4 


fixation 0 


1 2 3 
.008 
0 021 039 031 031 “O12 
1 060 .081 .107 043 1015 
047 -081 .092 065 006 
3 017 :064 :078 036 “010 
4 006 .010 .022 019 
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TABLE П 


MEAN PROPORTION or OBSERVATIONS PER О MANIFESTING GIVEN 
Numpers or Errors To Lert AND RIGET ОЕ FIXATION 
WITH RIGHT-EYE VIEWING 


хал ors to Errors to right of fixation 

eft of 

fixation 0 1 2 3 4 
0 ‚011 .061 .046 .025 .002 
1 .044 .132 .112 .044 .010 
2 .040 .093 .091 .068 .012 
3 .013 .052 .054 .042 .008 
4 .002 .010 .008 .013 .004 


+ only those cases in which O made an overt marking response. 
ж implies that there would be а bias in the total data to- 
боб, finding no difference if О tended to Бе generally accurate in 
lon: Tmance. An o accurate in perception would rarely produce 
Бий errors on one side of fixation and hence seldom produce combi- 
of ^n: of zero errors on one side and four on the other—a difference 
шиг errors, of course. On the other hand, such an O would often 
en uce fewer errors and, consequently, smaller absolute differ- 
s Thus, a fair comparison would require a control for O's level 
i, soy: Unfortunately, this would require further data selec- 
iei Which might so reduce the available information that only a 
а result would be possible. If both the positive and negative 
s ietions of this study could be verified from the remaining data, 

Wever, then the method should be justified. 
iw, Analysis controlled for level of performance. Since the result of 
B errors per hemifield represents chance performance, then an ac- 
сасу leve] of one error per side would reflect an intermediate, 
‘reshold, level of performance. In such a case, the possibility of 
n Ferences should be greatest because there is neither a floor (i.e. 
iy errors) nor a ceiling (i.e. no errors) on performance. Thus, 

amination of the three cells in which there is a total of two errors 


TABLE III 


MBAN Proportion ок OBSERVATIONS PER О MANIFESTING GIVEN 
Nuwnzns or Errors то LEFT AND RIGHT ОР FIXATION 
wirH BINOCULAR VIEWING 


Errors to Errors to right of fixation 
left of 

fixation 0 1 2 3 4 
0 .063 .029 .023 .004 
1 46 :120 1095 1054 .006 
2 1021 :110 .115 “062. .004 
3 .019 1043 .056 1055 .004 
4 .002 .010 .010 1013 .008 
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for the exposure should answer this question. These three cells m- 
clude the case in which there were two errors on the left and none r^ 
the right (designated 2-0), the ease of one error on each side d 
fixation (designated 1-1), and the case of no errors on the left an 

two on the right (designated 0-2). Equal frequencies of eases = 
the three cells would suggest that there are no consistent biases 
favoring right or left hemifield, It would also imply that the viven 
of asymmetry is due to equal frequencies of left-to-right, right- Е 
left, and nonbiasing scans. The present hypothesis predicted, € 
ever, not only equal frequencies of 2-0 and 0-2 combination 
but also more frequent 1-1 combinations, т.е. nonbiasing scans 0 
no scans at all. 

The differences in frequencies of observations in 2-0, 1-1, 
0-2 categories were evaluated by Friedman's two-way analysis se 
variance.® The data for some of the 24 Os could not be used wal 
there were no observations in any of the three categories. The ds 
ences among the three categories were significant for left-eye Ч = 
Ing (x^ = 929, N = 23, р < .01), for the right-eye viewing, ш 02 
11.9, N = 23, p < 01), and also for binocular viewing (x? = 1 121 
N = 20, p < .01). In the case of each viewing condition, the ap 
category showed a much larger sum of ranked frequencies ЫГ 
either the 2-0 or 0-2 categories, supporting the present gee 
This conclusion was further supported by testing pairs of aue 
between the 1-1 eategory and the 2-0 and 0-2 categories ee 
viewing condition, using the Wileoxon matched-pairs signed” 3j 
test.* For left-eye viewing, the 2-0 and 1-1 categories were y 
cantly different (T = 33, N = 17, p < .025), as were the 0-4 онь, 
1-1 categories (T = 43.5, N = 21, p < 01). For right-eye мэр: = 
ээ differences were also significant for 2-0 vs. 1-1 (T = = with 

.'P < 01) and for 0-2 vs. 1-1 (Т = 33, N = 21, р < -005 
binocular viewing also, differences were significant for 2-0 d Й 
(Т = LT 18, p < .005) and for 0-2 vs. 1-1 (Т = 21, х equal 
р < .005). Therefore, there were significantly more cases df 


piase® 
performance to the right and left than there were cases 0 
In either direction, 


and 


by 
The question of possible hemifield differences can be settled oh 
comparing the frequencies of 2-0 and 0-2 responses p e left 
viewing condition. The differences were not significant for ai? 
eye (Т = 50, N = 16, р > 05), or for the right eye (T = же 


| " 956. 
9 S. Siegel, Nonparametri isti ioral Sciences," 
7 Siegel, op. cit etre Statistics for the Behaviora 
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15, p > .05), or for binocular viewing (T = 26, N = 11,р > 05). 
Therefore, the evidence indicates that there was no consistent di- 
Tectional bias favoring right or left visual hemifield, even for those 
observations that did in fact show a difference between hemifields. 


Order of report. The conclusion that the perceptual primacy effect 
does not favor the elements at one end of the pattern but rather 
those elements nearest fixation was supported by E's observations 
of Os’ order of marking the elements. The Os typically marked only 
the elements close to fixation, and they did so in no consistent se- 
quence, This result is contrary to the usual tendency of Os to mark 
Clements from the left end toward the right when the patterns have 
Derceivable спів. The fact that overt responses of the Os clustered 
about fixation undoubtedly contributed to the measured perceptual 
accuracy for those elements. However, Hareum, Hartman, and 
Smith have shown that the marking sequence is correlated with the 
Scanning sequence when O is permitted his option of marking se- 
ences, 


Possible effects of dominance. Since there were no hemifield dif- 
erences in performance in this experiment, there could be no differ- 
“ntial effect of cerebral hemispheric dominance or of eye dominance 
Оп relative hemifield performance for individual Os. Thus, visual- 
Sensitivity differences which might be related to such factors did not 
exhibit an effect under the conditions of the present experiment. 

e previously obtained effects of viewing eye for such binary ta- 
*histopic patterns exposed across fixation would appear related to 
Mechanisms which influence scanning direction, as Hareum and 

yer Concluded, rather than to mechanisms of differential visual 
пуу o This conclusion does not deny the possibility of al- 
ative mechanisms which can produce laterality effects and which 
бан thus be listed under the rubric of dominance.!^ Individual differ- 


of Е. В. Hareum, В. R. Hartman, and N. F. Smith, Pre- vs. post-knowledge 
Psyop tired reproduction sequences for tachistoscopic patterns, Canad. 
Vp ^L 17, 1963, 264-273. 


W i tion of 

bina; R- Hareum and D. W. Dyer. Monocular and binocular reproduc 

80-68” Stimuli appearing right and left of fixation, this Journat, 75, 1962, 
10 ү 


Мр 4 i ic recognition and cerebral dominance, Percept. 
mot. Ауе, Тано Р. Bryden, Tachistoscopic recognition, handed- 
Cer, pond cerebral dominance, Neuropsychologia, 3, 1965, 1-8; D. да 
5 1 dominance and the perception of verbal stimuli, Canad. J. sychol., 
Dro 961, 166-171; W. A. Winnick and R. L. Dornbush, Pre- and post-exposure 
cesses in tachistoscopic identification, Percept. mot. Skills, 20, 1965, 107-113. 
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а js to 
ences can obviously be important." The primary problem ut 
discover the nature of the actual relevant mechanisms, 0 
there may be two.1? 


Conclusions. 'The evidence indicates that the symmetrical di. 
butions in Fig. 1 probably were not the result of садое 0 
unequal errors on different exposures. Instead of fewer -— 
equal performance to the right and left, there were е direc- 
more cases of such equal performance than of biases in n weight 
tion. Thus, the positive result predicted for this study ad re the 
to the negative result, which was also obtained. It indicates pele 
negative result was not obtained merely because the ме не е 
test was not sufficiently sensitive to reveal significant di -dicate 
Although a negative cannot be proven, the present ӨВС ni fie 
that the test was sufficiently sensitive to have detected a he 
difference if there had been one. : ith patterns 

These symmetrical distributions of errors obtained with patterns 
bisected by fixation are similar to those usually found for анч the 
exposed entirely on one side of fixation.!? This further н е 
argument that scanning proceeds from fixation toward ph a pri 
the visual field. The results thus support the hypothesis x or 
macy effect in a spatial-temporal perceptual process 860 expose 
the usual lateral differences for multiple-element patterns € 
across fixation. 

SuMMARY . орва 807 

The hypothesis was that hemifield differences in d pro 
curacy for tachistoscopic patterns exposed across e nans the 
duced by a primacy effect in a perceptual process which Ов терїО” 
stimulus pattern from one end to the other. Twenty-four о far inte 
duced horizontal tachistoscopic patterns which extended pa thereby 
peripheral vision that the patterns had no perceivable ын hem 
preventing end-to-end scanning. Thus, elements in nei m Ele 
field should have been favored by a perceptual primacy € no 


n 
4 ed, 2 
ments nearest fixation were most accurately reproduced, 


for 
z jewing 
lateral differences were found, either for binocular леты 
monocular viewing with either eye, supporting the predic Р 
op: 
11 Harcum, ор. cit., J. exp. Psychol., 68, 1964, 351-356; Harcum, . tachis” 
Kinsbourne], in press, ? tial set 18.27 28% 
12 E. R. Hareum, Two possible mechanisms of differenti’ 577 1967, “jis 
toscopic perception of i 


balls, i ontioB» 
multiple targets, Percept. mot. Skills 21 у 
304; W. Heron, Percep Б К, d 


tion as a function of retinal locus an! ap varie 

JounwaL, 70, 1987, 38-48, ` ^^ ^ func tion with 55-209- 
1" D. S. Camp and E. R. Harcum, Visual pattern Pelis 18, 1964 

fixation locus and response recording, Percept. mot. Skills, 


FAMILIAR PATTERNS ARE NO EASIER ТО SEE 
THAN NOVEL ONES 


By Јонх S. Вовгхвох, Brain-Behavior Research Center, 
Sonoma State Hospital, Eldridge, California 


It is commonly thought that the more familiar а pattern, the 
Зэ it is to see; and proponents of such an idea seek to support it 
Y appealing to the ‘word-frequency effect,’ the inverse relation 
“ий the frequency of occurrence of a word in print and the view- 
a g time required for its identification. Studies have appeared re- 
ently which oppose this view, attributing threshold differences for 
s ena and rare configurations to nonperceptual factors (differ- 
Im in the retention or response-selection requirements for report- 
Ng what is seen) 2 They show that, indeed, when control is provided 
e Such factors, differences in perceptibility cannot be demon- 
il tated.? Similarly, the data of the present study can be most read- 
Y understood if it is assumed (1) that repeated viewing of patterns 
oes not increase their perceptibility and (2) that instances 1n 


* Received icati h rted was sup- 

for publication May 1, 1969. The research reporte р: 
me by California State Department of Mental Hygiene Grant 67-16-25 
auth?” Grant MH-08832 from the National Institutes of Mental Health. The 
an or would like to thank Dr. Marilyn Milligan for her expert assistance 
the Sonoma State College Psychology Department for providing Te- 


n (ed), Models f ion of Speech an 

2 .), Models for the Perceplio р! 

expo Robinson, L. T. Brown, and W. N. Hayes, 

and pence on perception, Percept. mot. Skills, і 
L. L. Havens, Differential effects of stimulus frequency and graphio g 


do ation 1 ice experi 1 Psychol 

340. 3 ion in free- and forced-choice experiments, J. exp. ГУС hol., 96 
(46) B D i d retention of familiar and unfamiliar 
Materia ruce Earhard, Perception and rete n of femi ects sq 


1 J. e | GS, 584-595; Art 
BERCY on КАТСА ind Loo ar of objects, this Jourwat, 81, 1968, 229: 
famis S. Robinson, Paired comparison and sample-matching thresholds for 
8 Бар рва unfamiliar verbal materials ‘and line ao Тааран 
; however, image-fragmentation studies supportin: 
Do 9 pue amens perception: R. M. Pritehard, W. Heron, and 
Canad ebb, Visual perception approached by the method of stal 
Derd, J. Psychol, 14, 1960, 67-77; J. Б. McKinney, emning snd 
одор іца! stability, Canad. J. Psychol., 20, 1966, 237-242. Importan 2 
n 81 апа theoretical innovations Бы. aren of researel 
; Segre A i atte er jon 4 тей 
Bass: тээр ep el. БЭШЭ ю ете perfect stabilization, 
` J. Psychol., 58, 1967, 315-327. 


513 


ROBINSON 
514 


pgs Ө пе word- 

vhich there is an apparent increase in pereeptibility, ns pim of the 
aor effect, actually involve a reduction in perce] 

i 1 arity and com- 
И is sometimes used to refer to ы) n indicate 

leteness with which an object is seen, or it may ae “tachistoscopi¢ 
'identiBability. Both meanings are illustrated in che of masse 
experiment by Haber and Hershenson in which peers voris were 
repetition on the perceptibility of very briefly mn ok say, 8 8604 
studied.* A word was flashed repeatedly at interva ai ший be seen 
flash duration was constant but so short that с able first 
with only one flash. With repeated trials, шал: гэв and finally 
to see fragments of letters, then some complete le reeptible in the 
the entire word with perfect clarity. Words were oe \ sce very little 
sense of ‘identifiable’ in the early stages, when Ss could 


ile the 
ization, while 
of the stimulus; at a given stage of percept organization, d, the 
percept w 


Ч: e word, 
as still quite incomplete, the more ng er effect: 
more perceptible, i.e. identifiable, it was—the “рэн ея did words be- 
Only in the final Stage, after repeated massed gest clearly an¢ 
come perceptible in the sense that they could be s с 
completely, "пег stage? 

Repetition works in opposite directions in 1 Mc becomes 
In the later stages, with more and more trials, the P sth more А 
clearer and more complete; in the earlier stages, vint), the al 
more ‘trials’ (i.e, greater frequency of occurrence i p and less clea 
cept on which word identification is based becomes “ред гей Үе , 
and complete. Ав familiarity with a word increases, plete es 
recognition develops: the bas 
of the Word—eomes t 
for its identification. 
volved in the ready 
by the ‘proofre 
typist’s or prir 
the word (the 
preattentive re 

An attempt 
repeated view} 


a partial percept—a fleeting, ait à 
o stand for the whole and to Эс) reduction 18 
The reality of the a, is 
identification of familiar Жетен looking 
ader’s error.’ Such errors involve ov “th aspects. h 
nter’s mistakes which do not sri xen] an whit 
general configuration, distinctive featu ре 
Cognition is based. ut wheth? 
е made іп the present study to find "| complet 


à ress an 
ng could, in fact, increase the clearn 


ures © 
rief expo? 

+R. N. Haber and M, Hershenson. Effects of repeated b ' short-term 
the growth of a Percept, J. exp. Psychol., 69, 1965, ployed is 2 onceive?” 

5 The final stage effect of the massed repetition t might 6 
one, but it illustrates the kind of qualitative change аа, Б Н оп. 
occur аз a long-term consequence of other condition: 

9 Ulric Neisser, Cognitive Psychology, 1967, 89. 


FAMILIAR PATTERNS: NO EASIER ТО SEE 515 

Hess with which patterns are seen; or whether any improvement in 
Visual processing time it produced could be explained in terms of 
preattentive recognition of stimuli, with its accompanying reduction 
os amoung of the stimulus perceived. The Ss were given tachisto- 
а асн of initially unfamiliar patterns on а number of 
ssive days. Some of the patterns were seen only once, others 
repeatedly., The patterns were briefly exposed identical or closely 
Similar pairs of Chinese characters (Figs. 1 and 2) which Ss had to 
ludge as same or different. The patterns were not as readily encod- 


p B pp 
e EE EIE 
EXE АД 


HE 
HH GG 
E HE) HE 


T STIMULUS PARS 


Fig. 1. SAMPLE SAME AND DIFFEREN’ 
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able as English words or letters, so that Ss had to compare in 
actual visual configurations or their “iconic storage” counterparts; 
in making their judgments. The stimuli were made large enough z 
they could be seen easily, but small enough so that multiple fixations 
were unnecessary; the grounds for this being that when more than 
one fixation is required, a retention factor is introduced, since wi 
features must be remembered while later ones are fixated e 
changes of fixation may themselves introduce response artifacts) 
There was a perfect equating of response requirements for се 
(presented only once) and familiar (presented repeatedly) pattem 
since no other response than “Same” or “Different” had to be 202 
to either. 

The perceptual requirements of Same and Different judgments 
are not symmetrical: a partial view of a Different pair may s 
enough for S to see a difference, but a complete view of a Same m 
is necessary if he is to see the components as the same. If there м : 
improvement in the judging of stimuli that have been m an 
peatedly, this asymmetry of perceptual requirements can be ын © 
find out how the improvement oceurs. Tt may be that visual aon 
ing of Different pairs is speeded up by the development of шан 
attending to the differential portions of the configurations, ЁО! ез8 
by preattentive recognition of repeatedly seen pairs. The Pro’ ey 
Would be similar to the one assumed to underlie the word-freque" a 
effect, with selective attention paralleling word identification. = in- 
ment of Same pairs requires seeing all of both components, 50 p Jec- 
creased speed of processing could not occur on the same kind of 5077 
tive-attending basis, of 

Accuracy and confidence of judgment of Different, but по 
Same, pairs, therefore, should increase if preattentive recognition V 
ies attending are the primary factors involved in pep 

vid place with Tepetition. (The increases should be espo ow 
cvicent for those exposure durations which are long enough tO ив.) 
à single focusing o attention but too short to permit attention m airs 
P Se judgments of both Same and ae P th 
repetition The fo fnere is an inerease in vd dm i “the latter 
ап incr e ormer change would represent a decrease, 

ease, in what is actually seen of the patterns. 


8- 


7 Neisser, op. cit., 1967, 15-45. 
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METHOD 


Nac тш undergraduate Ss were divided into six groups. Each 
SENTEI x “4 ши of six 24-pair sets of patterns as ‘Repeated’ stimuli (pre- 
sented only hd, m all five test days and the other five as ‘Unique’ (pre- 
Baca: Ан өх на e provided control for the effects of using а 
Чике epe que patterns on a given one of the five test days or as 
P il Sume and Different configurations were made out of basic patterns 
Sed b o W ciger's Chinese Characters. The nine different loci repre- 
ааб e ir ina 3x3 grid were used equally often in modifying the 
tires un 2). Basic and variant Same pairs, each accompanied by one of 
Different ifferent pairs, were put in separate sets. There were 12 Same and 

Айран pairs in each of the six sets of patierns. 
126 om atus and procedure. The pattern pairs were viewed at a distance of 
18° of Ж 5 Scientific Prototype Model GB Tachistoscope; they subtended 
рте. ana ual angle horizontally and .9* vertically. One channel was used for 
both m rwn fields, another to present the patterns, Brightness in 
0 Ped 4 {tL. An appropriate range of exposure durations—5, 25, 100, 500, 
шш п msec —was established in a preliminary series. Repeated/ 
Over i ame/Different, and exposure-duration differences were balanced 
trial i Ss' 48 daily trials, and presentations varied randomly from trial to 
achisto h respect to all three. The Ss were told how to view the stimuli in the 
mine» Scope and were given sample Same and Different configurations to ex- 
е; also, they were told how the stimuli and exposure durations would vary 


that the variations would appear in random sequence. They were in- 


Basic Pattern Variant 
(9) 


b 


Same 
X và 
2 Ф 

Different 


Fro. 2, SAME AND DIFFERENT STIMULUS PAIRS DERIVED FROM 
23 A Basic PATTERN AND Its VARIANT 
ink g Weiger, Chinese Characters, 1905, 397-566. Patterns were drawn in india 
reproduced by Diazo 


Pring megnd paper with a Rapidograph No. 4 pen and 
hod. Copies available from the author. 
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Ч 3 dent 
same or different and to report how confi 


structed to judge the patterns ne 
n 1 indicating 


they were of their judgment by using a scale of 1 to 3, with t 
"doubt," 3 "certainty." They were not told if their judgments were correct. 
trial lasted about 25 sec. 


REsULTs 

Responses to Different-Repeated patterns were the only ones s 
show a significant, or even consistent, change (sce Fig. 3). cone 
son of Ss’ Day 1 scores with their mean scores for Days 2-5" цай” 
that both accuracy and confidence increased significantly: P < m 
for both. Comparison of mean-change scores (mean score, рин 
2-5, minus Day 1 score) for Different-Repeated and шиг 
Unique patterns also yielded significant values: accuracy, Р « 009; 
confidence, р «001. 


го 
I 


25 


o 


DIFFERENT 


m 
22 


25 


o 


*/ Change in Correct Judgements 


-25 


Days 


Fic. 3, миву IN NUMBER оғ CORRECT JUDGMENTS AND ary 
(Poi, ON Days 2-5 EXPRESSED as PERCENTAGE or D) S ls) 
omts based on a total of 576 trials (48 Ss x 12 Trials 


par! 
е о company 

9 Wilcoxon's paire : А n моз © tes 
хоп 8 paired-replicat, vas used in tests Invo sed tO ate 

son of pairs of related s. es method was used ав use separ? 


^ В В ЯГ уу 
: ores; Friedman's analysis of variance 
ын мыш of overall differences among the scores for the 
xposure durations. One-tailed probabilities are given. | 


six 
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: The six exposure durations did not contribute equally to the 
mprovement shown in response to Different-Repeated patterns: 
differences among their mean-change scores were highly significant, 
P < .001 for both accuracy and confidence. Improvement was 
Significant at intermediate durations only (see Fig. 4). For com- 
Parison of Repeated and Unique scores at the 25-, 100-, and 500- 
msee, durations, p < 025 .001, and .005 respectively for accuracy 
Scores, and .001, .001, and .04 for confidence scores. 


Discussion 


: There is no evidence that familiarity makes patterns easier to see, 
Since there was no improvement in the accuracy of judgment of 
"me pairs, The fact that judgments of Different pairs did show 
Significant improvement while judgments of Same pairs did not 
May be a reflection of the differential perceptual requirements for 
ame- and Different-pair judgments discussed above. That is, a 
Partial view of a Different pair can mediate correct judgment, but 
Poth components must be seen in their entirety for correct Same 
Judgments, Repeated presentation of the Different pairs enables S 
9 find which part to attend to and which to neglect (with consequent 
Speeding up of visual processing time). As outlined above, preat- 
tentive recognition serves as а guide for selective attending to the 
lifferentia] aspects of the different pairs. Further support for this 
"erpretation is provided by the finding that improvement was 
“gnificant at only the intermediate durations. That is, with a brief 
glimpse of previously seen patterns, S can speedily ‘zero in’ on the 
Critica] differential part of the configuration. Nothing is seen if the 
бХровиго is too short, and the longer exposures deprive familiar 
Patterns of any advantage over novel ones, since S has time to 
“amine all parts of either type of configuration. 
The basie conclusion to be drawn here is the same as the one 
"ached in the studies (cited above) which reported that familiarity 
068 not make patterns easier to 866. The improvement in Different- 
аг Judgments, however, shows how the mistaken notion of in- 
eased perceptibility, as expressed in studies of the word-frequency 
ес, could arise. With increases in familiarity, ever briefer 
Б lmpses of Ше stimulus mediate preattentive recognition, which 
( €S off selective attending (Different pairs) or identification 
Words) with ever-greater facility. — — . " 
ace e overwhelming importance for visual processing of a readily 
€ssible method of stimulus encodement is illustrated by the large 
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difference in exposure time required for sceing the a 
encoded patterns in this study and for identifying the stimuli шэн 
in studies which employed materials which could be readily encode 
(letters, words, pictures of nameable objects). Long exposure ман 
tions were required for the Ss in this study to see the patterns with 
any degree of accuracy and confidence (Fig. 4), whereas even хөл 
tures of objects with infrequently occurring names (e.g. ou a 
in the Wingfield study” could be identified in less than 30 msec. V te 
encodable items, guessing can supply the missing parts when : t 
percept is fragmentary. Short duration thresholds do not mean rs 
familiar items can be seen more readily; they simply attest to ee 
fact that percept organization, the actual buildup of contours, con 
not have to proceed very far at all for identification to occur whe 
some method of encodement is available. seeing 
This difference between the relatively long time needed for 566 ка 
the unencoded and the short time sufficing for identifying the i 
coded probably plays an important role in Earhard's Experi 48 
ПІ His Ss judged a tachistoscopically presented letter шинжээ 
same or different compared with a second pattern they could eram е. 
freely. Earhard found that the more detail there was to examine d in 
the more letters nonmatching standard and comparison terms an nt. 
common), the more effect familiarity had on accuracy of Judges s 
He explained the effect in terms of the difference in amoun nse- | 
detail of familiar (high-frequency words) and unfamiliar cre 
letter Sequences) items retained from exposures at a given gura t to 
Retention certainly must have played a role, but it is cii 
note that familiar items could be identified at short cp rre 
that a fragmentary percept could be supplemented by the inter 7 


i : : ently; 
remainder of the stimulus when comparison was made suben to use 
ас 


wit 
ch ар 


if a nonsense-letter sequence was presented, however, S h 
what little he had actually seen in making his comparison. 
nine-letter items being shown for as little as 10-20 msec., S 


à : те” 
explanation of the obtained familiarity effect seems especia ly 
evant. 


ble sup” 
appare" 
is calle 


Hochberg’s view of perceptual learning receives considera 
port from these data. He assumed that the basic perceptual 
tus is inherited and essentially unmodifiable, and that what ipn 
‘perceptual learning’ actually involves changes in how atten 


10 Wingfield, ор. cit., 227-29; 
11 Earhard, ор. сі, 301-505 
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ACCURACY 


100 100 


e—erepeated 
о-о unique 


Оо 
o 


[5] 
о 
о 
J Confidence Level 3 Reports** 


o 
о o 


DIFFERENT 27100 


9,Соггесї Judgements* 


o 
о 


.005 .025 10 .50 1020 .005 .025 
Exposure Duration (sec) 


10 .50 1020 


Fro. 4. PERFORMANCE as A Function or EXPOSURE DURATION : 

a, REPEATEDLY SEEN PATTERNS AND PATTERNS SEEN ONLY ONCE 
(Unique’ points based on 6 days [Days 1-5, Unique; Day 1, Repeated] 
X 48 Ss x 2 trials per day = 576 trials; ‘Repeated,’ on 4 X 48 x 2 
= 384 trials; *Percentage values corrected for guessing [% correct 
— % incorrect] ; **Based on trials on which patterns 
were judged correctly) 


dep loyed and in how what is seen is remembered.!? On the other 
ац, the results are much less readily interpreted in terms of Hebb’s 
Mei. &bout perceptual learning, which assume the building up and 
таунд of basic form-reception mechanisms by experience.’ The 
d. n favoring the Hebbian view of perceptual development!* may 
80 because the studies involved maintenance of already organized 
шар, whereas in this experiment the focus of interest was on the 
10а] building-up of the contours of the percept. Experience might 


© expected to play quite different roles in the two processes. 


Although repeated exposure to the kinds of patterns used in this 
it apparently can make them 


st е 
ax does not make them easier to see, 
Sler to differentiate. It does so, however, through a process of 


8 ! ын Е 
“lective attention to specific details found to be critical, with neg- 
12 


Tj, Julian Hochberg, In the mind's eye, in R. N. Haber (ed.), Contemporary 


13 jJ and Ре, h in Visual Perception, 1968, 325-330. 
14 D. O. Hebb. The Organization of Behavior, 1949, 60-106. 
ritchard, Heron, and Hebb, loc. cit.; McKinney, loc. ctt. 
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: су 
i iati JT iner n aceura 
lect of other nondifferentiating features. hus, an increase i 


in what is 
1 : à ` in what 
of differentiation is accompanied by an overall decrease 
seen of the patterns,15 


SUMMARY 


: е] and 
Comparison was made of the clearness with шог me e 
familiar patterns are seen. Young adult Ss judged ip mi or “Dif 
presented identical or closely similar pattern pairs “Same f judg- 
ferent.” There was no increase in accuracy or confidence ^ o 
ment over a five-day test period for repeatedly pu 
patterns, but there was an increase for Different patterns. iod are 
ity apparently does not increase the clarity with which € "Р 
seen, and may actually reduce it: the improvement in pe Tapine 
Different pairs, considered in conjunction with the lack o + selective 
ment for Same pairs, can best be understood in terms o sequent 
attention to differential aspects of the stimuli—and wee pat- 
neglect of their nondifferential features—which develops as t 
terns come to be recognized. 


» (a) ob* 
^ 1 i ; : » made by (4), ré 
15 Further tests of the interpretation given here could Led ue of nondifie 
taining phenomenal reports of relative clearness of perce] 

ential feature. 


lucing 
t carness | (b) reduci 
5 of the stimuli as differentiation improved and selective 
or eliminating j i 


t Gasp AN nade 
n improvement by using Different pairs which n 
attention difficult, or impossible. 
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THE ORGANIZATION OF 
HY POTHESIS-TESTING BEHAVIOR 
IN CONCEPT-IDENTIFICATION TASKS 


By O. Ernest ANDREWS, CHARLES F. LEVINTHAL, 
and Hanorp D. FISHBEIN, 
University of Cincinnati 


шашин purposes of this paper were twofold: to test extensively 
йг ко бай validity of the conclusion by Fishbein, Benton, 
NP i Wise that in concept-identification tasks, the stimulus 
hypothese, play an important organizational role in the way Ss test 
imens; вез,! and to determine the extent. to which the number of 
ory ls tons and values within each dimension affects selective mem- 
Were e from Trial n to Trial n+l. In the Fishbein e£ al. study, Ss 
Value ын a either three-dimension, two-value, or six-dimension, two- 

‚ Successive discrimination-learning tasks. A modification of the 
a rinke technique of Levine? was 80 employed that on each 
Le, камылы, Ss received information about only one hypothesis, 
an ins » alue of one dimension. These authors found that following 
esis fa on Trial 1, the probability of Ss testing on Trial 2a hypoth- 

iat lay along the same stimulus dimension as their Trial 1 
Ypothesis was significantly greater than chanee. Does this be- 
din occur when simultaneous discrimination tasks are used? More 

rtantly, does the dimension continue to organize Ss! behavior 


be 
Yond the first two outcome trials? 
-ose from the fact that when 


5 5; Second major set of questions аг 
е blank-trials technique is utilized, S is informed on each outcome 


m about both the correctness of the hypothesis he held during 
the n0-outcome trials and the correctness of other hypotheses, 1.6. 
€ other values of the chosen stimulus. Levine has shown that in 


* 
у Received for publication July 5, 1968. O. E. Andrews is now at the State 
of Wersity of паа Stonybrook; С. F. Levinthal, at the University 
data ichigan, The authors thank Mrs. О. E. Andrews for assistance M, the 
17. апајуѕіѕ, They ask that reprint requests be directed to Dr. Fishbein. 
Wron, ,D. Fishbein, J. Benton, M. Osborne, and H. Wise, Effects of a 
аяры Б on the rejection of hypotheses and dimensions in concept learning 
2 


" » Proc. 74th Annu. Conv. Amer. Psychol. Ass., 1967, 45-46. . 
ing j^ Levine, Hypothesis behavior by humans during discrimina 
»“. exp. Psychol., 71, 1966, 331-338. 
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four-dimension, two-value tasks, Ss have virtually complete ow 
from Trial n to Trial n+1 for the hypothesis held during че 
trials, but from his Fig. 4 it appears that Ss suffer some memory an 
for the other hypotheses? Is this a valid observation, and to y ^ 
extent do variations in number of dimensions and values within 
dimension affect this differential memory loss? 


Мєтнор 

Procedure. The Ss were 267 undergraduates randomly assigned sion, 
groups (approximately 45 Ss per group). The three-, four-, or ag i lu 
two- or four-value stimuli were constructed on 3 x 5 in. cards. The > (ob 
dimensions were: position of the geometrical figure, shape of the шин E 
Side) geometrical figure, color of the larger (outside) gcometrical figure ( “D, 
dimension cards), number of bars under the figures (four-dimension stim tee 
shape of the smaller (inside) geometrical figure, and color of the smaller 
side) geometrical figure (six-dimension stimuli). " eous 

The Ss received four training tasks and three test tasks of pit 
discrimination problems; e.g. in tasks using four-value dimensions, podio 
uli were shown each trial, and S picked what he thought was the 24 es 0 
The Ss were instructed that the correct concept involved one of the "ed an 
Опе of the dimensions, with no other solutions possible. For the thir sist- 
fourth training tasks, no-outcome (blank) trials were introduced. If S 2 his 
ently chose a single value (e.g. red) on one dimension (e.g. outside cmi tha 
раМегп of responses on four consecutive blank trials uniquely identifies Jems 
value (hypothesis), The fourth practice problem and the three test pro? 


to six 


e : тог the 
consisted of four blank trials alternated with single outcome trials. 232 
two-value tasks, 24 trials were run, of which Trials 5, 10, 15, and 20 al were 


come trials and the remainder blanks. For the four-value tasks, 34 tri he ВУ? 
run, of which Trials 5, 10, 15, 20, 25, and 30 were outcome trials. Hence, t were 
pothesis held by S on his first outcome trial could be identified. All т ome 
told "wrong" on the first outcome trial of the test tasks (on cach ou ont 
trial, Ё said only “wrong” or "right"). Following this, Æ, according to & р lues 
Tanged random Schedule, made one of the remaining nondisconfirmed W cor- 
the correct one, After the last trial of each task, Ss were informed of the 
rect solution, Each task was S-paced. fI 
Response measures. А hypothesis (H) was defined as a pattern pae 
Sponses—on a series of four blank trials and the following шаш, fige 
which corresponded to exactly one value on one dimension. (The uncap! Jue 0 
word ‘hypothesis’ is used, in the following, as a synonym for ‘single adt о 
wae Hiblendbn; ts vapitalization or авро to F implies the pato 
responses on blank trials.) The primary hypothesis (PH) was the H an ed 88 
on Block 1 (Trials 1-5). The secondary hypotheses (SHs) were yu TOF 
those values of the Stimulus, other than the PH, which 8 chose on в PH 
example, on a three-dimension, two-value task, the S may have held. he w83 
of red. On Trial 5, he chose а red square on the left and was told tha di- 
wrong. In this case, left-hand Position and squareness were SHs. A prim 


3 Levine, loc. cit. 
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mensi 

PD “эрэх 1 defined as the dimension along which the PH lay; e.g. the 

(SDs) were Jef eft position. would be position. The secondary dimensions 

dimensional ce as the dimensions along which the SHs lay. In an n- 

fined elati 3 ли there are n—1 SDs. Note that PHs, SHs, and SDs are de- 
ive to performance only during Block 1. 


Yo all analy | RESULTS 
Pooled aer ing e following the example of Levine, the data were 
Consistent 7 s and tasks for each group. If S failed to maintain а 
На ana Я (Hypothesis) on a given block of five trials (the blank 
from the he following outcome trial), those data were eliminated 
al omar a рг over all tasks and trial blocks Ss 
Фоййратав : g consistent H approximately 90% of the time. This 
Tables аг ably with Levine’s мал 
ion of th nad HI, and IV present information bearing on the ques- 
dicates ба organization of hypothesis-testing behavior. Table I in- 
lock 9 ЭГ predicted and obtained proportions of testing an H on 
mary A rials 6-10) that lay along the Block 1 (Trials 1-5) Pri- 
either 1 ПНЕ (PD). Тһе predicted proportions assumed that Ss 
and do ave complete memory of the information received on Trial 5 
of tem a test diseonfirmed Hs or SHs, or have complete absence 
Ypothes y of Trial 55 and randomly select H from the set of tenable 
to "pes As can be seen, under all conditions Ss tested along the 
tween ü greater extent than expected by chance. The differences be- 
7 ie ni obtained and predicted proportions were statistically sig- 
Tabl rom chance in all cases. 

asks mi 11, ШІ, and IV present 
estin able 11 shows the predicte 
ng along their PD on Blocks 1, 


data from Ss run in four-value 
d and obtained proportions of Ss 
2, and 3 (Trials 11-15), and 4 


TABLE I 


Pn 
EDI 
CTED AND OBTAINED PROPORTIONS FOR TESTING ALONG SAME 
rrom BLOCK 1 TO BLOCK 


Two-value tasks 


DIMENSION 


Four-value tasks 


Three. 4; Predicted Obtained Predicted Obtained 
Pour ga mension 33 43 33 48 
Six guy mension .25 43 .25 49 
mension 417 45 17 35 


4 s 

s tine, loc. cit. 
(see T, ough a variety of other memory assumptions could have been made 
of sim; nu Gregg and H. A. Simon, Process models and stochastic theories 
Ыы iple concept formation, J. math. Psychol., 4, 1967, 246-276), these as- 


um 
Pp Pons produce the highest predicted proportions of 'Ss testing along the 
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TABLE II 


" “SION 
PREDICTED AND OBTAINED Proportions For TESTING ALONG SAME DIMENSIO 
ох Віоскѕ 1, 2, 3, Axp 4: Four-VALUE Tasks 


Predicted Obtained 
Three-dimension .037 .183 
Four-dimension .016 :195 
Six-dimension .005 .098 


(Trials 16-20) , i.e. completely eliminating all the values of their РР, 
following errors on Blocks 1, 2, and 3. The predicted proportions 
assumed that Ss either have complete memory of information from 
the previous outcome trials and do not test disconfirmed Hs, or have 
no memory whatsoever of previous information and randomly select 
H from the set of tenable hypotheses. As can be seen, under all condi- 
tions Ss tested along their PD to a greater extent than expected "T 
chance. The differences between the obtained and predicted propor 
tions were statistieally significant in all cases. 

Table IIT lists the predicted and obtained proportions of Ss 
on Block n+1 an H that lay along the dimension of their H шин 
Block n (this is analogous to a PH). The predicted proportions 
assumed either no memory or complete memory of the previous tra 
These data are analogous to the data from Table Т, part of which 15 
rewritten here for comparison. The data from Blocks 3-4 are from 
S who made three consecutive errors on the first three outcome 
trials. As can be seen, the data from Blocks 2-3 and Blocks 3-4 210 
almost identical to the data from Blocks 1-2, providing strong s 
port for the Observation that the dimension organizes hypothesi" 
testing behavior, AI] of the differences between the obtained and pr 
dicted proportions were statistically significant. Ss 

Tables I, II, and III show that following an error on Trial цагг 
continued to test along that dimension on Trial n+1. This is i! 
illogical behavior in that a discomfirmation of one value of а wi 
PU Power шр imply the disconfirmation of other values of that a 
mension. (Erickson implied that a dimension could always be 108 


testing 


TABLE III 


aNSION 
. 3 DIMENS 
NED Proportions or Testing ALoNG SAME D 


PREDICTED ANp Овтл1 


FROM BLOCK п то Brock n + 1: Foun-VALUE TASKS 
Predicted Obtained 18 
k 3 
Block n to Block 1 to Block 2 to Ec 4 
Block n + 1 Block 2 Block 3 50 
Three-dimension .33 48 .49 : 56 
Four-dimension 25 “49 .43 :33 


Six-dimension if .35 29 
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a Je disconfirmation of H.)9 However, in a 
башга 1 E ear in which H was correct on Outcome Trial n, be- 
ме Dude n i the correet value on that trial, and incorrect 
(UAI же 5 Я Сэ) n+1, it would be illogical to test another H that 
bien eee | o n and n+1 dimension. A dimension which has 
Tabl BH ently reinforced cannot logically contain the correct H. 
ы teh rie айж” the performance of Ss for whom dimensions 
инь: вту reinforced (Column W RW ) with those for whom 
Golum засан not inconsistently reinforeed (Column W W W yi 
eines а refers to Ss who made errors on the first and third 
кюе "pin a correct choice on the second outcome, and main- 
Sn ЖАЛ. аа Н on Blocks 2 and 3. Column WWW refers to Ss 
ins emisse aj рио qt errors on the first three outcome trials. 
Kone. B in the table are the Оуийдаа propartions of Ss testing 
uper VIS dimension on Blocks 2 and 4 (not 2, 8, and 4). As can 
much А » LI Lai em under Column W i W are very similar and 
ra he T їй than those under Column WRW. This indicates that 
Мэн Ду iive received inconsistent reinforcement on a given dimen- 
Шап ap much less likely to continue testing along that dimension 
omnih Ss who have not received inconsistent reinforcement. An 
statistic, test on the obtained proportions‘ led to the rejection of the 
cal hypothesis that all the entries n Table IV are equal. 
oo Y presents data which deal with the question of selective 
the Ps loss following an error. In order to avoid confounding, only 
In a relating to the first outcome trial (Trial 5) were considered. 
Mas table, the obtained probabilities are equal to the obtained 
meia. The predicted probabilities assumed that Ss have no 
ory of the information received on Trial 5 and randomly select 
e example, for three-dimension, two-value tasks, there are six 
ple Hs; so it was predicted that following an error on Trial 5, 
е probability of Ss repeating the PH on Trials 6-10 would be 


TABLE IV 
ENT REINFORCEMENT ALONG A DIMENSION: 


Errzcr or IxcoNsisT 
Foun-VaLuE Tasks 


WRW WWW 
Three-dimension 13 .36 
Four-dimension .06 .83 
.07 .30 


Six-dimension 
$ . 
Бы], R. Erickson, Hypothesis sampling in concept identification, J. exp. 
Ychol., 76, 1968, 12-18. 
ohen, An alternative to M 


Parisonce arascuillo’s “large sample multiple com- 
115” for proportions, Psychol. Bu 


Il., 67, 1967, 199-201. 
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417 [Column Р(РН)]. Furthermore, the predicted conditional piob 
ability of repeating the PH on Trials 6-10, given that Ss а 
within the PD, would be 50 [Column P(PH/PD)]. The third an 
fourth columns [P(SH) and P(SH,/SD;) respectively] present sım- 
ilar information regarding the SHs. For example, in a Сани 
sion, four-value task, there are two SHs on Trial 5 and a ше 
twelve Hs available for testing on Trials 6-10. Thus, the probability 
of testing one of the SHs on Trials 6-10, assuming no memory on 
Trial 5, would be .17. - 

As can be seen from Table V, all of the obtained probabilities were 
lower than the predicted probabilities; and with few exceptions, ak 
of these differences were statistically significant. This indicates ind 
for both PHs and SHs, Ss have memory of previous outcome сэр эй 
tion. Of primary interest here is the differential memory loss ;) 
PHs and SHs. Observation of Columns P(PH/PD) and Р(8Н\/ ema 
indicates that for both two-value and four-value tasks the pane 
ity of repeating a disconfirmed PH on Trials 6-10 was less than : th 
of repeating a disconfirmed SH. This difference is not systematica 
related to number of dimensions. Statistical analyses confirm hae 
observations.’ For both two-value and four-value tasks respective у, 
the separate omnibus tests of equality of proportions were rejec ais 
at the .01 level of confidence. The only subsequent simple contra 
which were significant involved SH vs. PH comparisons. 


Discussion 


_ The data provide strong support for the Fishbein et al. guum 
üon that in concept-identification tasks, hypothesis testing яг S 
ganized by the stimulus dimensions. The extent of this behavior = 
not appear to be systematically related to either number of dim 
Sions or number of values within a dimension (Table I). Tables 
and III indicate that this behavior persists beyond the first pe 
come trial and until all the values that lie along a dimension аг, 
exhausted. The data of Table IV suggest that testing along ren s 
18 a rational approach to learning the correct concept, in tha one 
showed great shifts away from an inconsistently reinforced posed 
sion but continued to test along a dimension which was not 1” 
sistently reinforced. 

À fruitful framework within which to place this behavio 
sider it as a strategy? As Table y shows, Ss utilizing th 


5 Cohen, loc. cit. . » Lind) 1956: 
? J. S. Bruner, J. J. Goodnow, and G. A. Austin, A Study in Thinking 


ut- 


r is to con” 
is strategy 
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were much less likely to forget previous information than when they 
did not test along dimensions; i.e. the conditional probabilities of 
repeating disconfirmed PHs were less than the conditional prob- 
abilities of repeating disconfirmed SHs. This observation supports 
the suggestion of Fishbein et al. that testing along dimensions reduces 
S's memory load. An alternative explanation consistent with Ше 
observed phenomena is that Ss have dimensional preferences which 
determine the nonrandom hypothesis-testing along dimensions. " 
The data in Table V confirm our observation from Levine's data 
that there is differential memory loss for PHs and SIs. This phenom- 
enon was not systematically related to number of dimensions. АЗ 
indicated above, the superior retention of PHs may reflect the opera- 
tion of the superior strategy of testing along dimensions as oppose 
to other strategies, Alternatively, it is possible that this phenomenon 
is an artifact of the blank-trials technique. With this technique; Ss 
are required to rehearse the PH through four nonreinforeed trials 
and the following outeome trial, whereas the SHs ean only be 16" 
hearsed on the outcome trial. It can be argued that the differences in 
rehearsal produced differences in memory. Unfortunately, there does 
not appear to be an obvious way in which to experimentally ird 
these explanations. If the phenomenon turns out to be artifactua’ 
then some of the above conclusions may need revision. 
SUMMARY 
asion, 


Adult human Ss were run in either three-, four-, or six-dimer oH 
rials 


two- or four-value 


technique of Levine, it was found that Ss learning the correct conce?” 
ti- 


number of dimensions or to number of ier 
nee - The other major finding was that Ss had nn 
h -4 or the hypothesis held on blank trials than for the me 
re heses (values) which could have been tested on the 08007 


10 Levine, loc. cit, 


INPUT VARIABLES AND OUTPUT STRATEGIES 
IN FREE RECALL OF CATEGORIZED LISTS 


y Grorcr Manpier, University of California, San Diego 


нээхийн and seriation have been proposed as two of the 
Sn E in the cognitive organization of word lists." The 
өс Шш categorization, or clustering, 15 well known; t.e. Ss 
бий in үсэрч lists better than random word lists, and categories 
consistent oper for free-reeall lists.? Seriation, the 
he the nd ын ipis of items during output, has been shown to 
hernen мэн method of organizing random lists in free recall 
Dando погу and processing mechanisms are not unduly overloaded. 
we and Dean have shown that when lists of words are pre- 
а a an ineremental manner, t.e. when a new item 1s added to 
Он n each trial, Ss will adopt for their output order the serial order 
1t whenever possible. 
gene present experiments both serial and categorical input con- 
to e Py presented to Ss in single lists to determine the extent 
iever 1 these input variables affect the output strategies of Ss. In 
metha we lists, we have shown that seriation is the preferred 
dia «d while categorized lists offer Ss the best opportunity for 
кыы, organization. For noninerementing, traditional presenta- 
‚ clustering and categorization have been known to occur fre- 
кү. and Murdock has suggested that free, as against ordered, 
Уһен is the preferred method of recalling such lists of words. 
call a her the additional cue of constant serial order affects the re- 
and organization of such organized lists is still an open question. 


he following experiments investigated the recall and organization 
* 
in pecesived for publication May, 1969. The research re 
thor ы by a grant from the Nat nal Science Foundation, GB- 
Peter pen to express his appreciation for technical and ed 
‚ Dean and Zena Pearlstone. | 
Organo EC Mandler, Words, lists. and categories: An exp 
1965. zed memory, in J. L. Cowan (е49, Studies in Thoug 


erimental view of 
ht and Language, 


“УУ, A. Bousfield, The occurrence of clustering in the recall of randomly 


array, 
arrayed associates, J. деп. Psychol, 49, 1053, 220, 310 | 
M free Mandler and P. J. Dean, Seriation: The development of serial order 
4166 recall, J. exp. Psychol, 51. 1969, 207-215. 
еса, J. exp. Psychol., 


64 19 B. Murdock, Jr., The serial position effect of free ri 
» 1962, 482-488. ' 
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: the 
of precategorized lists under the incrementing method and 2 
traditional method with random and constant-serial input orders. 


METHOD st of 16 
General design. Three groups of Ss were used. One group learned pe pre- 
words in an incremental manner with one new word, and only that T ist о 
sented on each trial (Group 1+1). A second group learned the same iit 
words but all words were presented on each trial in a new — А vi 
(Group 160х 16R). The third group learned the same list with all € “эл 
sented on cach trial in an initial random order which remained i with 
trial to trial (Group 16х 165). Each group was given two different 118 
17 trials each. in 
Subjects. A total of 36 Ss was used, with 16 Ss in Group 144 nd шир 
each of the other groups. All Ss were undergraduates fulfilling an intro ` 
course requirement. Each list 
Materials. Two lists were constructed consisting of 16 words each. E: ed the 
was constructed from the normative data of Cohen et al^ and шин, for 
most frequently occurring words in each of four categories. The цэн ат 
one list were Furniture, Animals, Parts of Body, Methods of Lu pur 
for the other they were Fish, Kinds of Cloth, Professions, enr en were 
ments. Half of the Ss in each group learned one of the lists and T the two 
given the same task with the other list; for the other Ss the order О be 
different lists was reversed. All word orders were arranged with the hat cate- 
that no item from any one category ever follow another item from th 
Eory. Five different random orders of the words were used. d 


А dy an 
Procedure. Ss were given full instructions on the design of the stu of 6 
what to expect, Specificall 


then 
words, each of which be! 


“sec. 
named for them. Words were presented on a Stowe memory drum E me 
rate. Following each trial, Ss were told to recall words in any order val 
and they were given a sheet of paper on which to recall all the words nishe ; 
to them. The next trial was presented when S indicated that he had ing the 
however, in no case was S given more than 1 min. for recall. Sue S was 
acquisition of the first list, E changed tapes on the memory drum ^s data a 
given a new list in the same condition as List 1. Thus List 2 рене, of the 
fully instructed, Practiced Ss. In Condition 1--1, each trial consiste, s given 
presentation of a Single, new, different word. Thus, on Trial n, S hic to re- 
the nth word in the list and only that word. On each trial S was reped was 
call all the words he had seen on that and all previous trials. No new Condition 
presented on Tria] 17; S was required only to recall the list again. In random 
16X 108, the full list of 16 words was presented on each trial in 8. шт НАР": 
order. In Condition 16X165, the full list of 16 words was presente 
trial in the identical, random order, as used? 

Data analysis. As a measure of organization the ITR (2) measure Vaccessive 
It is based on the number of repetitions of pairs of items in two шит” 

"В. Н. Cohen, W. A. Bousfield, and G. A. Whitmarsh, Culture versity 9 
verbal items in 43 categorics, Technical Report No. 22, 1957, 


onnecticut, and Office of Naval R rch. 
8 Mandler and Dean, loc. cit. шэг 


list 
ly, they were told that they were to — A 
longed to one of four categories whic 
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events, cither an input and an output or two outputs. It is a bidirectional 
Measure giving the ratio of observed intertrial repetitions (ITRs) to the maxi- 
mum possible ITRs for the particular pair of events.’ Expected chance values 
for ITR(2) are shown in Figs. 3 and 4, together with the obtained values. The 
second measure of organization was the relative ratio of repetition (RRR), 
зайн Measures clustering with reference to the E-designated categories.? It is 

he ratio of the actual proportion of repetitions [Total repetitions (R)/ 
Words recalled (№) —1], over the maximum possible RR [Number of words 
recalled (N) — Number of categories recalled (N.)/Words recalled (N) — 1], 
which reduces to RRR = R/(N — Х.). 


RESULTS 


Performance. Fig. 1 shows the mean recall for Group 1+1 for Lists 
1 and 2, The 16 Ss in this group were divided into two groups, those 
who organized the list serially (the seriators) and those who organ- 


[тг ririri a 
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ized the list according to category clusters (the categorizers) 5 ч 
figure shows that performance was at the expected high level for al 
groups, with the seriators slightly better than the categorizers but 
with all Ss giving essentially perfect performance on List 2. 
Fig. 2 shows the performance for Groups 16x 168 and 16x 16R. 
The groups from the present experiment are indicated by the eer 
CAT, and for comparison are shown two groups that Mandler ant 
Dean? ran under identica] conditions except that the 16 word lists 
were random sets of ‘unrelated’ words, and practiced 
Ss, performance was better for the categorized lists, as expected, ant 
and for List 2 the superiority for the serial list was shown for bot 
categorized and unrelated liste. 16x 16 CAT 9 


For both naive 
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Tic. 2. Max Correcr Весли, As A Function or 17 TRIALS 
+ For Groups 16X16R AND. 16x 168 : 
бэшэ from the Present experiment shown with the letters САТ; 
comparable £roups from the study by Mandler and Dean 
shown without such letters) 


8 The criterion for this artition is di 
9 Mandler and Dean, ae oe а 
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reached essentially perfect performance by Trial 3. While the two 
sets of data were run for different studies, Ss were obtained from 
similar subject pools and sampling differences are unlikely to account 
for the large differences. 


Organization. Fig. 3 shows the ITR(2) measure for Group 1+1. 
for both the Input-Output (10) and the Output-Output (OO) re- 
lations for both lists. The distinction between seriators and categori- 
Zers was made by a simple inspection of their individual ITR (2) 
scores, When the IO values were high, Ss were seriators, i.e. their 
Output was organized in aecordance with input order. The serial 
order of the appearance of the words was considered as the input 
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on that trial with output; for OO, successive measures computed 
for output on trials n and n+1, as shown on baseline) 


536 MANDLER 


order of the items. This classification of Ss was unequivocal ацан e 
Ss fell into an indeterminate category. The IO graph shows the resu! 


sts according to 
value near chance. The 
izing Ss could have been 
arranged in such a way that 
78 occurred contiguously in the 


e perfectly, their output would 
(ideally, only three), and therefore 
hance. The ОО values show signif- 
groups, with the seriators showing 
since their output was 
y by the input order which was nonvariable, 


anized the list in accordance with the 
word order of the input list and th 


Trials 16 and 17 f 
expected chance 
clustering—pract 
no clustering, 


the Seriating Ss could hay. 


or Lists 1 and 9 fo 


he two 16x16 groups. It is 
20 Ss in these two groups seriated, since 
ntly at or below chance level, The OO data 
anization on the part of the Ss who were 


TABLE I 


R Last Two TRIALS or Two SUBGROUPS 
IN Conpition 1+1 


List 1 List 2 
Trial 16 Trial 17 Trial 16 Trial 17 
Seriators (N = 6) Bi 
Categorizers (№ = 10) A M 13 E 
Expected chance value .20 .20 "20 "20 


INPUT VARIABLES AND OUTPUT STRATEGIES 537 


ugan TR (2) 
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Fic. 4. MEASURE or INTERTRIAL REPETITION UTR(2)] 
ror Grovers 16X 16R AND 16x 163 OVER 17 TRIALS 
(Te ror Lists 1 AND 2 
эр graphs show Output-Output [001 concordance; lower graphs that for 
Input-Output [IO]; continuous ‘chance’ lines show mean expecte 
chance value computed on basis of actual number o 
words recalled) 


given constant input lists (16x168) and improvement in organi- 
zation for both groups from List 1 to List 2. | 

The superior organization of the categories for Group 16X 165 is 
also indicated by the RRR measure in Fig. 5. The constant-input Ss 
Showed higher clustering than the random-input group by the later 
trials; F (16,288) — 1.56, р = -08. Chance values for these data were 


418 for Trial 1 and .20 for all other trials. 


Discussion 

ally confirm previous findings. Incre- 
sresented only once, show a high 
се. The output strategies of Ss 
parent ceiling 
lusion in this 
hows the ex- 


The performance data gener 
Menting lists, even when words are ] 
rh of acquisition and performan 
ae to make little differences however, the ap 
is ect in these data does not permit any definite cone 

Spect. The traditional method of presenting lists 5 
sf superiority of categorized over ‘unrelated’ lists, with some 
: maining apparent advantage for constant serial input; but again 
ico to reach any definite conclusion because of ceiling 

8. 
ж organizational data show that when memory and processing 
P ut are not overloaded (t.e. with incremental presentation) 
when Ss are aware of the categorical structure of the list, some 
я choose categorization, while others prefer to seriate the list. This 
junction between seriators and categorizers as an individual-dif- 
rence variable may be of future use in defining preferred general 
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strategies in individuals, but for the present time we can only con- 
clude that both of the major modes of organization may be used. Т 
is interesting to note that the Ss who seriated or categorized List 1 
also used the same strategy on List 2. The traditional presentation of 
lists produces consistent categorization by all Ss. This would, of 
course, be expected for the random-input group, since the input 
condition does not provide Ss with consistent serial cues to be used 
during output, However, the serial group ignored the constant input 
order and categorized the list, actually achieving the higher level of 
clustering performance, | 

Mandler апа De 


an have suggested that seriation is the preferred 
mode of organizing 


lists when memory and processing capacities are 
not overloaded,1o This conclusion must be modified by noting that 
when categorical structure is obvious and easily adopted, some S$ 
use categorization as their preferred strategy in organizing output. 
In the traditional input Presentation, seriation tends not to be used 
with categorized lists, and here Murdock's conclusion that free recall 
(Те. organized recall) is Preferred to serial recall"! holds. 


19 Mandler and Dean, loc. cit, 
™ Murdock, loc. cit. 
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The superiority of the constant-serial-input list over the random- 
input list in clustering and organization deserves some additional 
attention. One argument might be made that constant serial input 
provides Ss with additional cues so that the members of specific 
categories may be easily located during input and thus generate 
better organization. A more attractive position suggests that the 
random input order provides an interfering and confusing element. 
Thus the appearance of items in input next to various different items 
on successive trials may produce inadvertent clustering which is 
adopted and discarded until the major categories are finally adopted 
as major retrieval clues. The RRR data suggest some support 
for that position, in that the clustering score of the constant-input 
group was similar to that of categorizing Ss in the incrementing 
group. For Group 1+1 no argument could be made that the input 
condition provided additional position cues for the location of the 
items in the input list, sinee there was no repeated-input list. The 
Similarity of the RRR scores for Groups 16х 1068 and 1+1 suggests 
that the lower RRR value of Group 16X I6R was due to interference 
in the random-input condition. This suggests another defect of the 
traditional random-input methods for frec-recall experiments: they 
not only overload the memory and processing capacities of Ss but 
also interfere with optimal organization of items in categorized lists. 


SUMMARY 


The Ss were required to learn categorized lists under three con- 
ditions: (1) under incrementing conditions, when only one new word 
was presented on each trial, (2) with constant serial order of the 
input list, and (3) with input order randomized from trial to trial. 
The first condition, which minimizes memory and processing over- 
load, produced seriation or categorization as output strategies. Or- 
ganization and clustering were superior for the constant-serial-input 
list over the random-input lists, even though all Ss in these conditions 
adopted a categorization strategy. The suggestion was made that 
random-input lists interfere with optimal organization of categorized 


lists in free recall. 


THE ROLE ОР RHYTHM IN ACTIVE VERBAL MEMORY: 
SERIAL INTRUSIONS 


By Utric NzrssER, Cornell University 


Subjects in memory-span experiments nearly always impose 
their own rhythmic organization on the strings of digits they are to 
remember. Presented with ап unpatterned stimulus, say, TUM 
they are likely to reply *418-603—729-5' or with some other groupe 
pattern. Why do they do this? 

One hypothesis, which I have put forward elsewhere! is that n 
active verba] memory which underlies such performances canno 
exist at all except as an organized strueture and that rhythm is Ма 
simplest form of organization available to S. He would be better 0 
if he could relate the stimuli to some kind of mathematical progres- 
sion, or to a series of historical dates, or (if he had been given 8 
String of words) to the syntactic structures of his language; but lack- 
ing any of these, he can at least organize the verbal responses Шеше 
selves into temporal groups. It is because this grouping pattern ex- 
ists that S can rehearse the digits internally until response I 
required; it is through the grouping pattern that he can assign on 
tions to particular digits, and often recover a digit later in th 
Sequence even when he has forgotten an earlier one. ‘call 

This hypothesis Suggests that the digit span should be drastica 7 
shortened when the rate of presentation is so high that rasan 
organization 15 impossible, and substantially lengthened, at norma 
rates, if S manages to learn more sophisticated grouping ieebiidhee 
Both of these Predictions have been confirmed in the literature. 

* Р " " е results 
was reported the mest tp 28, 00. The substance “Association i 
April, 1968, The research was conducted at the Unit for Experimental of 
chiatry, affiliated with the Pennsylvania Hospital and the University om 
Pennsylvania. It Was supported in part by Contract No. Nonr-4371(00) 5 al 
the Office of Naval ssearch and in part by the National Institute of Me { 
Health through а Research 
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1U, Neisser, Cognitive Psychology, 1967, 219-242; U. Neisser, БН effect, 
Hoenig, and Evelyn Goldstein, Perceptual organization in the prefix 
"apep тп. verb. Behav., 8, 1969, 498 129. 
2 D. B. Yntema, Е. T › 
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The present experiment tested a different kind of prediction: one 
which does not deal with the number of digits recalled correctly but 
with wrong responses. The particular class of errors to be studied 
was first reported by Conrad, who called them “serial order intru- 
sions.”3 Such an intrusion occurs when the nth digit of the response 
seems to come from the nth member of the preceding string instead 
of repeating the nth digit of the string just presented. Some ex- 
amples appear in Table II: both the “8” in the second response 
and the “9” in the third response are scrial intrusions. 

: On the hypothesis put forward here, the serial positions of digits 
in such a string are defined for S only by the rhythmie organization 
he imposes on it. If this is true, genuine intrusions should occur only 
when successive lists have the same rhythmic pattern. When a string 
has a different rhythm from the preceding one, their nth positions 
Should be independent, and the same digit should not appear in both 
except by chance. In the main experiment reported below, the 
Sequence of grouping patterns was arranged to test this deduction. 
In half the trials, the string of digits had the same grouping pattern 
as the one that had just preceded it; in the other half, this was not 
the case. For reasons explained below, a control experiment was also 
conducted. In the control experiment, all strings had the same group- 
ing pattern, but some were presented to S's left ear and some to his 
right, 


Мєтнор 


Stimulus materials. For the main experiment, 113 strings of 10 digits were 
Prerecorded binaurally on magnetic tape. Each was a random permutation of 
the digits from 0 through 9, except that the nth digit of a string was never 
identical with the nth digit of the string before. Natural runs of more than 
two digits (like 456) were eliminated. The digits were spoken at a rate of 2 per 
Sec, except that additional pauses of .5 sec. were introduced to create certain 
Erouping patterns. The first three strings were used for practice only. The re- 
maining 110 were arranged in 10 sets, cach set containing 11 strings of digits. 
The interval between the strings within a set was 10 sec. Between sets, S could 
Test if he wanted to. 

Each string of digits was grouped in one of two ways: a triadic, or 3-3-3-1 
Pattern, and a quartic, or 4-4-2. They were arranged in double alternation 
Within each set, as shown in Table I, which illustrates the first of the 10 sets 
used. If the first trial is ignored (since it cannot suffer any serial intrusions), 
Such a set contains five strings that have the same rhythmie structure as 
the one before, and five others with a different pattern than their predecessor. 
These may be termed congruent and mismatched respectively. Each S was 


3 R. Conrad, Serial order intrusions in immediate memory, Brit. J. Psychol., 
51, 1960, 45-58. 


542 NEISSER 


thus presented with a total of 50 congruent and 50 mismatched strings. The 
experimental hypothesis was that serial intrusions would occur beyond the 
chance level only in the congruent ones, 
Subjects. The main experiment employed 19 Ss 
were college students who had volunteered and ус 
Procedure. The Ss listened to the st 
repeat back each string of digits 


. 16 men and 3 women. All 
© paid for their services. 

imuli over earphones. They were asked 19 
3 х00п as it was over. (It was felt that written 
response might have reduced S's tendency to use rhythmic grouping as an oF 
ganizing factor.) E recorded the re sponses by marking a data sheet on which 
the correct strings were listed.* The 10-sec, interval between successive strings 
proved adequate for this purpose. The 
experiment, nor of the special fe: 
all of them noticed the 


. P ЯН the 
Ss were not informed of the aim of 

3 : eveT, 
atures of the experimental design. Howev 
variations of grouping in the stimulus strings. 


RESULTS 
The variable of interest is 


1 х sare serial 
the proportion of errors which were seri 
intrusions. Since 


there were nine possible errors at any point (any of 
the 10 digits except the correct one), the chance rate of serial in- 
trusions was !4. This fraction represents the null hypothesis He 
Successive strings are independent. However, it cannot be directly 
applied to all the errors; it applies only to those where serial in- 
trusions could conceivably have occurred. These were defined here 
by two criteria: first, S must have made an identifiable wrong re- 
Sponse (not just an omission) ; second, he must have made a пене 
response to the corresponding digit of the preceding string. It we 
unwise to expect much intrusive tendency from a digit which S hac 
missed, and perhaps not he: 


. at may 
ud at all, or from a response that n 
have represented 


а mere guess. Table IT clarifies the definition used. 


TABLE I 
Finsr Ser or STIMULUS STRINGS 
794-0681-682-8 
829-8864-015-397 
8571-8089-12 
7109-5281-3886 
246-276-089-1 
936-042-571-8 
8518-6902-74 
3794-1668-02 
183-942-706-6 
820-835-914-7 
1875-9628-04 


as omitting 


blank та 
аг stimulu 


5 When 8 indicated by a Pause or an explicit remark that he w 
one or more digits, E recorded blanks. Responses following a 
scored only if they were i 


qb | ial в 
in convincing correspondence with particula ‘Abou 
items, usually because of а falling і ; d of the string. ADM), 
f г б ntonation at the end о ara 
8% of the response strings had 1 ч. А sep 


ad internal blanks created in this мау ^ һе ваше 
ithout these strings gave substantially th 


data analysis carried out w 
results as those reported here 
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TABLE IT 
EXAMPLES OF INTRUSIONS 

Siring No. 1 Af S өе Q S$ T BD b 

Response "4 y $& пез 7 9 - d 
String No. 2 66 11 9 4 T7 81 03 2 

Response "S5 68 8 9 4 2 6 3 0 2" 
String No. 3 748 8 6802 5 Od 

Response та Ww 9 5 7 6 D i" 


* Opportunities for intrusion. 

1 Intrusions. 
Note that only three of the errors in the second string and two in the 
third offered ‘opportunities for intrusion.’ As it turned out, about 
48% of the errors that actually occurred in the experiment were 
Opportunities for intrusion by these criteria. The ‘intrusion ratio’ 
Was defined as the number of intrusions divided by the number of 
opportunities. 

The intrusion ratios obtained are displayed in Fig. 1, which shows 
the four frequeney distributions. The upper two are for the main 
experiment, and each is based on 18 Ss. (One S was discarded be- 
cause she made virtually no errors, so no intrusion ratio could be cal- 
culated for her.) On the null hypothesis, all these ratios should aver- 
авс around .11. This was the case for the series mismatched in 
rhythm (first histogram). While one S did have a ratio above .17, 
and one fell below .05, the mean for mismatched series was slightly 
below chance expectation at .095. 

Very different results appeared when successive strings had the 
Same rhythm, as shown in the second histogram. The mean was well 
above chance (at .179), and so were 15 of the 18 Ss, a highly signif- 
leant result by a binominal test (p < .01). Six Ss had ratios which 
Were significantly (p < .05) above .11 even when considered indivi- 
dually, by a binominal test against the null hypothesis with p —16. 
Moreover, if each S is considered as his own control, 16 out of 18 had 
а higher intrusion ratio in the congruent than in the mismatched 
Strings. 

Two other results of the main experiment are worth noting, al- 
though they do not bear directly on the hypothesis. There was no 
Significant differenee between the numbers of opportunities for in- 
trusion made in the two kinds of strings. The mean per S was 52.2 
Opportunities (out of 500 digits) in the congruent strings and 53.3 
in the mismatched strings. This means that the additional intrusions 
In the congruent strings do not represent additional errors. Intrusions 
apparently represent instances where S has already forgotten the 


544 NEISSER 


Moin Experiment, N=18 


Series Mismatched 
AS ie 
in rhythm 
AT 2! 25 29 33 
e 479 Main Experiment, №18 
а = Series | Congruent 
8 in rhythm 
w 
à? 
2 
e 
5 ol 05 09 13 17 5 oe 33 
E 
| жүн 1 
1 Control Experiment, № 
. 8 
8 4 Series | Mismatched 
8 in eor- of-arrival 
8 
2 
u 
ol .05 09 13 17 p ян за 35 
" Control Experiment, Nell 
М Х= 180 Series Congruent 
Y їп eor-of-orrivol 


Ol 
05 ГЭЖ" p" Р” 


17 .21 .25 


INTRUSION RATIO 
Fro. 1. Resuvrs or MAIN AND CONTROL EXPERIMENTS 


correct digit for other n 
than guessing 


: : A г 
easons, and emits the intruding digit rathe 


ot pe at random. This finding is not new; Conrad -3 
ained a similar result, though he varied the time interval betwe 

successive strings rather than their congruence in rhythm.” The 
second minor result is that the mean number of errors (of all kinds) 
per 8 was 98.9 in the quartic (4-4-2) strings and 123.7 in the triadic 
(8-8-8-1) strings; the difference is significant at the .01 level by 


5 Conrad, loc. cit. 
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Wileoxon's T test. Of the 18 Ss, 14 made more errors in triadic 
strings, 4 in quartie strings. A number of hypotheses might be 
advanced to explain the greater difficulty of the triadic strings (they 
take longer, contain more groups, etc.), but this experiment did not 
provide support for any particular one of them. 


CONTROL EXPERIMENT 


The main experiment showed that extrachance serial intrusions 
occur only when successive strings have the same rhythm. However, 
it might still be argued that the important variable is not congruence 
in rhythm per se but simply the general similarity between the 
strings in question. Serial intrusions might be seen simply as in- 
stances of generalization, which is known to depend on the similarity 
of stimulus patterns. 

In its broadest form this hypothesis cannot be refuted, but its 
plausibility can be examined by manipulating a different dimension 
of similarity. The dimension chosen was ear-of-arrival, 1.6. the side 
on which the stimulus was presented. Differences in ear-of-arrival 
are very noticeable and play a major part in other cognitive phenom- 
ena. Therefore, a simple generalization hpyothesis might predict 
that serial intrusions would be much reduced when successive strings 
Were presented to opposite ears. However, the rhythm hypothesis 
predicts that such ‘mismatching’ should make no difference in the 
intrusion ratio. 

Stimulus materials. The same series of 113 strings was recorded using triadic 
grouping throughout. The first three strings were presented binaurally, for 
practice. Half of the remainder were presented to S's left ear, the other half 
to his right. The sequence of left and right ears followed the same double- 


alternation schema as the sequence of grouping patterns in the main experi- 
ment. Thus, half the strings were congruent and half were mismatched with re- 


Spect to ear-of-arrival. : 
Subjects. Eleven additional Ss (eight men and three women) were recruited 


in the same way as before. | 
Procedure. The procedures of the main experiment were followed through- 


out, except for the difference in mode of stimulus presentation. 


Results. The two lower histograms in Fig. 1 show the intrusion 
ratios obtained in the control experiment. As predicted, serial 
intrusions were not substantially reduced when successive strings 
arrived at different ears. A slight decrease did appear (the mean of 


€ See, for example: E. C. Cherry, Some experiments on the recognition of 
Speech, with one Pod with two ears, J. acoust. Soc. Amer., 25, 1953, 975-979; 
А. M. Treisman, Selective attention in man, Brit. Med. Bull., 20, 1964, 12-16. 
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intrusion ratios was .180 in congruent series and .156 in mismatched 
series), but it was negligible compared with the shift produced by 
rhythmic mismatching in the main study. Ten of the 11 control Ss 
had intrusion ratios above 1% even in the mismatched condition, with 
successive strings arriving from opposite sides. 


CoxcLusioxs 
The results of the main study showed that serial intrusions do not 
occur beyond the chance level when successive strings have different 
grouping patterns. No corresponding reduction in intrusions Was 
produced by presenting successive strings to opposite ears. These 
findings are consistent with the hypothesis that rhythmie grouping 
is the structural basis of active verbal memory? 


SUMMARY 


he 
Performance in memory-span tasks is assumed to depend on 58 
elaboration of a rhythmie grouping strueture, in which each digit 
has a place. This suggests that serial intrusions (responses which 
Were appropriate to a given position in the preceding string of 
digits) should occur only if successive strings have the same group- 
ing strueture. An experiment with 18 Ss confirmed this hypothesis. 

7 Related fi 


ч ndings concerning the role of grouping may be found in ЭГ 
articles which appeared after this paper was in press: J. Ryan, Grouping етр. 
short-term memory: Different means and patterns of grouping, Quart. short- 
Psychol., 21, 1969, 137-147; J. Ryan, Temporal grouping, rehearsal, and 8 
term memory, Quart. J. exp. Psychol., 21, 1969, 148-155. 


NOTES AND DISCUSSION 


THE SIXTY-FIFTH ANNUAL MEETING OF THE 
SOCIETY OF EXPERIMENTAL PSYCHOLOGISTS 


The sixty-fifth annual meeting of the Society of Experimental 
Psychologists was held at Mount Holyoke College, South Hadley, 
Massachusetts, on April 4 and 5, 1969. John Volkmann, Chairman 
of the Society for the year, presided at the business meeting and 
at sessions for the presentation of scientifie papers. 

Twenty-two members and fellows were present: Blough, DeValois, 
Garner, Geldard, E. 4. Gibson, J. J. Gibson, Green, Helson, Jenkins, 
Kamin, Kappauf, Kendler, Meyer, Newman, Píaffman, Riggs, 
Solomon, Stevens, Teitelbaum, Underwood, Volkmann, and Wickens. 
Richard J. Herrnstein, Julian Hochberg, William Kessen, George 
Mandler, Endel Tulving, and Eliot 5. Valenstein were elected to 
membership in the Society, bringing the total to 71 members and 
39 fellows. 

Reports of research were presented in scientifie sessions on both 
days of the meeting. The Warren Medal for 1969 was awarded to 
Roger W. Sperry “for his insightful use of the split-brain method of 


investigating the roles of the cerebral hemispheres, both separately 


and in their interaction.” 

The Socicty accepted the invi 
Vania to meet in Philadelphia, Pennsy 
mon was elected Chairman for 1969-1970. 


tation of the University of Pennsyl- 
Їсаша, in 1970. Richard Solo- 


WiLLiAM E. KaPPAUF 


University of Illinois, Urbana 
Secretary 
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BOOK REVIEWS 
Edited by ЛлллАх Носнвькс, Columbia University 


VERBAL LEARNING. By Јонх Junc. New York: Holt, Rinehart and Win- 
ston, 1968. Pp. ix, 212. $5.95. 


Jung has written a text for undergraduates which attempts to survey the Цав 
rent experimental literature on verbal learning. This new book is organized by 
chapters which treat broad topics, e.g. acquisition, transfer of training; 88 
these are further divided into subtopics, e.g. response availability, transfer 
paradigms. The method of presentation is unusual: for cach area a few od 
experiments are described and these serve as the base for the methodologic® 
and theoretical points the author wishes to make. The writing style, Le 
lively, is clear and direct, and it is effective when an experiment is describe s 
When some point of method is made (and this comprises most of the boo да 
The problems treated and their manner of treatment are what one would v 
pect from a contemporary associationist, and the front of the book’s Lai 
confirms this expectation. On it there is a human face (the face of S, I believ 5 
with jaws, lips, and articulatory mechanisms prominent and active. TR ip 
receiving the stimulus, is shown, but significantly, only a small portion © p' 


cranium is visible. It is fun to try to determine what the lips are saying. 
is my guess. 


4 t to 
To say that the text is written within a certain tradition, however, 18 poe 
Say that it is explicit about that tradition. The book is in fact, eem not 


retical. It tells the Student a good deal about research being done but f re- 
tell him the purpose of this research. For example, in discussing the role uS 
petition in associative learning, Jung states that associationists and a arcem 
theorists are divided on this issue. But why? What is it about their beliefs ing 
leads them to take such different positions? The chapter on transfer of er 
tope et example of what I have in mind. The bulk of the literature OF ^. 
topic makes sense only if one assumes the theory of transfer of identica ec- 
ments. The very method (A-B, A-C paradigms, and the like) is merely a T° E 
tion of the theory. Nowhere does the author make this simple point clear. igh 
where is there discussion of the merits of alternative ways in which wae : 
try to formulate the problem of transfer, nor is there any considerat 
transfer in any setting other than the familiar two-list situation. БШ ЖЫ 
focus is on questions like ‘Why is there more negative transfer in the а is 
paradigm than in the A-B, C-B paradigm?’ With few exceptions the pscure: 
concerned with experiments whose purpose in any larger sense is left ss wit 
The combination of an implicit theory and a failure to come to E. 

broader issues greatly reduces the value of the book as an intro 
Study of human learning; implicit theories tend to become biases, 
to relate experiments to broader questions tends to discourage inter 
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literature. I believe that the sterility of a good deal of the research in this field 
stems from this same combination of faults. 


Institute for Cognitive Studies Јонх Ceraso 
Rutgers University. Newark 


ATTENTION IN DISCRIMINATION LEARNING. By Ernan Lovesoy. 
San Francisco: Holden-Day, 1968. Pp. xii, 133. $8.50. 


This brief monograph in hard covers is a slight modification and extension 
of the author's doctoral dissertation. It is a fairly standard stochastic model of 
discrimination learning combined with additional assumptions in order to 
account for recent data in the area of selective attention. The model assumes 
that the animal's choice on any given trial in a simultancous discrimination is 
controlled by only one stimulus dimension even though others may be physi- 
cally present. The probability that a given dimension will be the controlling one 
is a joint function of two variables. These are the relative distinctiveness or 
attention-getting quality of that dimension and the relative response strengths 
Associated with the two stimulus values on that dimension. If the animal re- 
members which stimulus dimension controlled its choice on that trial (and 
according to the model, it need not do so), the outcome on that trial modifies 
both the distinctiveness and the response-strength variables. As the author 
indicates, this is an attempt to specify more exactly the trial-by-trial changes in 
behavior that occur in two-stage theories of discrimination learning. The com- 
plexity of these theories is indicated by the fact that even this simple version 
requires З/У + 6 parameters to predict behavior in a discrimination involving 
N different stimulus dimensions. Consequently, the only support ofiered for 
this model comes from a limited number of computer-simulation studies using 
an arbitrary set of parameter values. The results suggest that the model can 
reproduce a number of the findings reported in the experimental literature. In 
summary, this is a small book with a large price tag. 

Stanford University Dovcias Н. LAWRENCE 


THE TECHNOLOGY OF TEACHING. By B. F. Ѕкіхмев. New York: 
Appleton-Century-Crofts, 1968. Pp. ix, 271. $2.95. 


_ Any new book by Professor Skinner is bound to occasion a great deal of 
Interest among several audiences, especially if it contains material that is new, 
Such as alterations in his viewpoint, new research, or applications of his ideas 
to topics to which they have not heretofore been directed. The volume under 
review, a paperback in the Century Psychology Series, however, includes 
virtually none of these features. In it are eleven chapters, four of them pre- 
viously published, three here published for the first time but read on earlier 
Occasions, and four which were prepared for this book. 

The book concerns teaching, and it contains various criticisms of con- 
ventional teaching methods and their failures, but its major task is to advocate 
changes in teaching methods in line with the principles of operant learning. 
These ideas are communicated, with some supporting data, in the reprinted 
chapters, Here, as elsewhere in the book, positive reinforcement is emphasized 
(but nowhere defined or carefully articulated, this being a book designed for a 
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general audience); and behavioral outcomes of teaching are stressed, аз Op- 
posed to the vague and general goals often held forth us the desirable out- 
comes of instruction. The argument and the ideas are familiar ones, but it 18 
valuable to have in one place many of Professor Skinner's ideas about teaching. 
The previously unpublished essays deal, in a sense, with special topics, such 
as teaching thinking, motivation of students, and creativity. These topics have, 
of course, been treated elsewhere, in Verbal Behavior and in Science and 
Human Behavior, for example. The new chapters include one on the etymology 
of words dealing with teaching and learning, and three viewpoints popular а 
education. There is опе which discusses the use of punishment (the evaluation 
being not totally negative), techniques of self-management, and techniques of 
dealing with respondent behavior. A chapter which “reviews” teaching dis- 
cusses the character of knowledge and confronts the problem of how Sue 
can initiate the behavior that is to be taught. Policy matters, administration, 
and training teachers form the substance of the provocatively titled glia pter 
"Behavior of the Establishment." 
This is an interesting, well-written 


А " +s, and 
, Sometimes amusing set of essays, 


they present Skinner's viewpoint toward teaching well and attractively. = 
claims made here for the operant technology do not seem to me excessive, мыр 
the book seems to be pervaded by modesty and recognition of difficulties. One 
may well disagree with Professor Skinner on a number of points, as I dn Г, 
example, in the easy invocation of the term ‘reinforcement’ and in the brie 
account of learning to talk. But as a source for finding out what Skinner thinks 
about teaching this book can be recommended. 
Pennsylvania State University Cartes N. Coren 


PSYCHOLOGICAL TIME IN HEALTH AND DISEASE. By Јопх Cone": 
Springfield, Ill.: Charles C Thomas, 1967. Pp. xv, 103. $6.50. 


This very slim volume presents classical time psychology to the 
теадег, As such it offers а well-struck balance between the anecdotal 
perimental evidence, although it leaves out some of the more recent quant 
т approaches to the problems of subjective time and duration. саз а 
п Chapter 1 we are introduced to the concept of the internal du 
complex Set of endogenous rhythms and events. Cohen takes а healthily es ich 
point of view toward the Piéron-Hoagland chemical hypothesis. ў ж 
pPpears to affect the higher mental activities rather less than has арт" 
been claimed, Chapter 2 deals wi шит" 
and short intery mented T 
estimate subject “ee 
as relevant to t ers 
perspective": ws 
history. Chapter 4 reports on the “relativity of subjective time" and the j^ it, 
sis of the time concept, Time is influenced by the events which eg ils 
and vice versa. These effects the latter of which was discovered jetable 
author—are known as the tau and kappa effects respectively. It a с ав 9 
that there is no mention of Mashour's excellent work on the psc PE kno 
time, velocity, and distance, because it more nearly unties this Gore? 
than does the ancient effort of J. F. Brown. 


general 
and ex- 
ita- 


th the psychophysics of simult 
als, An interesting set of experiments on the time 1 
Ive probabilities of success is reported, but failed tos 
he main issue of this chapter. Chapter 3 deals with the 
the appreciation of long intervals with respect to Due 
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The contents of Chapter 5 are predominantly anecdotal. They deal with the 
quite colossal “relativity” of subjective time in mental disorder. How im- 
possibly complicated theory would be if we were to take into account all the 
idiosyncratic effects discussed in this chapter, in a theory of time experience! 
Chapter 6 then extends the argument into the fields of culture and religion. 
Time usually appears as a negative, ic. destroying or devouring, power (a 
feeling that. occasionally will engulf students of time). Chapter 7 makes a step 
“towards a model of psychological time.” This model, which essentially con- 
sists of a pulse-generating mechanism, а counter and a comparator for com- 
paring successive counts (intervals), is extended to account for several of the 
effects mentioned in the preceding chapters. These extensions, however rele- 
vant, strengthened my conviction that instead of trying to describe the relations 
between time and information processing by а counting mechanism of the sort 
presented here, we could explain the very same effects directly in terms of the 
information actually processed. But this appears to be a matter of isomorphism, 
and consequently of taste. 

If I am to raise any serious criticism, it is only with the appearance of the 
book. For a price that buys the average textbook, one would expect better 
draftsmanship, less overlap between the contents of diagrams and tables, а 
single list. of references, а better subject index, and fewer blank pages. 

Institute for Perception, RUO-TNO Joux А. Міснох 

National Defense Research Organization, TNO 

Soesterberg, the Netherlands 


ON HUMAN COMMUNICATION: A REVIEW, A SURVEY, AND A 
CRITICISM. By Сох Снекку. 2nd ed. Cambridge: The МІТ. Press, 1968. 
Pp. xiv, 337. 82.05. 

The second edition of this book has undergone few changes from the 
Widely known previous edition, which was reviewed in this journal (G. A. 
Miller, 70, 1957, 332-333). This book still represents a well-conceived and 
brilliantly written survey of many of the disciplines and points of view which 
contribute to an understanding of human communication. It may be the only 
Place where the reader can be introduced to such diverse concepts and tech- 
niques as semantic information, pattern recognition, Bayes's theorem, spectral 
analysis, and. signal-detection theory. The book's broad outlook serves as E 
valuable correction to the intense compartmentalization found within experi- 
Mental psychology. 

The last decade of rescarch on communication is scarcely represented at 
all in the book. Of the 43 new references, only 20 are from the 1960s and even 
these are used only for very minor modifications. Of course, a book for the 
feneral reader could not be expected to represent the latest developments in 
the individual fields, but the new edition docs not do for current work in com- 
munication what the older edition did in its time. For example, there 18 no 
reference to the linguistic work of Chomsky, certainly a key to much current 
thinking about communication. One feels that whereas a book on communica- 
tion written in 1956 could reasonably concentrate on the recent and exciting 
Statistical and engincering developments, a book of the 1960s really needs to do 
More for the linguistic and psychological aspects. Nonetheless, any serious 
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student of the psychology of communication would still do well to start with 
Cherry. It is perhaps comforting that, today, there are more books to move on 
to after finishing it. 


University of Oregon Мпснав, Posner 


LOGICAL THINKING IN CHILDREN. Edited by Irvine Е. SIGEL and F. 
Н. Ноорев. New York: Holt, Rinchart and Winston, 1968. Pp. xv, 541. 57.05. 


The title is misleading; this is an edited collection of papers dealing not with 
logic in the general sense. nor with formal operations in the narrow sense, 
but with concrete operations thinking. The editors have focused upon this 
developmental stage for a very good reason: the bulk of available research 
evidence is concerned with it. The book is very sensibly organized into SIX 
chapters, each with a preface which introduces the basic ‘concepts and briefly 
integrates the selections included, concluding with a list of questions for 
future research, The six substantive sections deal with: conservation "^ 
quantity, number concepts, spatial and geometric concepts, logical operations 
training research, and theoretical dise ssions. A final summary chapter by 
Sigel deals with related issues not specifically covered in the first six sections. 
Each of the selections included meets with American methodological pref- 
erences with respect to standardization of procedure, specification of 8 popu- 
lation, and use of statistics; in addition, each has cnough theoretical discussion 
that the reader without prior background in Piagetian theory can understan 
the issues involved. The editors have obviously tried to reach the Icss-advance 
reader and, most especially, the educator. They have done a good job. 61 
, There are a few possible sources of confusion. For example, on page 201, 

cats + noncats = 0” is not true; the intersect of cats and its complement is 8 
null set, but the union of these two sets is the universe. ‘—1 + 1 = 0’ wou 


ionge 
be а better example. But on the whole, there are very few errors ОГ axel 
curacies. The book should prove useful for a variety of readers at many le 
of sophistication, 
Douglass College, Rutgers University Ерин D. Neant 


CONTEMPORARY ISSUES IN DEVELOPMENTAL PSYCHOLOGY. Ed. 
Meri ee S. ENDLER, Lawrence В. Восиев, and Harry OSSER. ^ 
: Holt, Rinehart and Winston, 1968. Pp. xvii, 682. $9.95. 


| " о 
А, а. E arta can a reviewer ask in evaluating a book of readings? Tog 

immediately obvious. He can ask whether the articles are relevant her 
subject matter they are intended to discuss. Alternatively, he can ask yee 
the editor(s) of such а book of readings has (have) taken the саге and e ^ 4 
to interrelate the Various articles within each of the prescribed areas ae Ч 
way as to present the reader with some underlying theme or even to e 
controversy. In Contemporary Issues in Developmental Psychology, 
have achieved these functions but, unfortunately, not as well as the ith the 
one to expect. The term ‘issues! seems to imply an attempt to deal ib on & 
leading question of the day or, historically, to present various es fact, 
Single topic. It seems a bit overambitious to use the term ‘issues’ when, of the 
all that the editors present are areas of inquiry. Moreover, since 80 шан 


title leads 
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articles chosen for this book of readings are animal studies, the book is rather 
limited as a text in developmental psychology. One wonders what type of 
course this book could be used for. Finally, the readings are somewhat narrow. 
The section on perception, for example. contains one general work by 
Epstein, one animal experiment, and two on infancy. Surely the area of per- 
ception and development deserves a wider treatment. 

The editors’ handling of material, i.e. their comments and integrating state- 
ments, is adequate as far as it goes, but it falls short of achieving a thorough 
integration of the readings. After a short general introduction, the editors spend 
between two and four pages tying an area of inquiry together. Given the 
diversity of the articles within an area, these few pages can only intimate the 
relevance of the readings that follow. 

This lack of integration and exposition, common to most books of readings, 
raises the far more general question of why books of readings are published 
and for whom they are intended. If these books are for the undergraduate, as 
Professor Hunt in his foreword to the present volume suggests, is there suffi- 
tient integrative material for these relatively naive students? Without such 
narrative, how can they be expected to understand the complicated issues, 
terminology, and statisties which they encounter? Professor Hunt further 
suggests that such books as this are necessary to relieve the frustrating bottle- 
necks in the university libraries. If this is their function, would not a soft- 
covered and inexpensive book be more appropriate? To ask the undergraduate 
to spend approximately ten dollars for a single book of readings so that the 
library not be overburdened is too high a price, especially when it may be 
Necessary to buy more than one book of readings for each course. Alternative 
methods for relieving the library need be found. With the duplicating systems 
now available the instructor could inform the library of the particular set of 
readings he requires for his course. The library (or some other publishing 
set of readings and charge the student 


source) could reproduce that specific 
accordingly. 

Thus, if the real reason for editing and publishing such a book of readings 
attled librarian, then far cheaper means can be used. If the 
ollection of articles to relieve the pressure at the 
library, why have any integrating material? If they have a greater function, 
then more integrating material is necessary. One might briefly consider (and 
Teject) that such books of reading might be of use for graduate education. 
Imagine graduate training that denied the student the opportunity to explore 
an issue of a journal while looking for a particular article. We would produce 
a generation of students having no incidental learning. Moreover, no book of 
readings would have all the necessary articles for mastery of an area. Does 
this mean an ever-increasing library of books of readings? 

It is clear that books of readings are for the most part inadequate for grad- 
uate training and that their function in undergraduate curricula needs to be 
Questioned. Their value, then, must be more apparent to editors and publishers 
than to students. These comments apply to all members of the genus. The 
Present volume is no worse than most, showing all the problems of books of 
readings. 

Educational Testing Service 

Princeton, New Jersey 


15 to aid the emb: 
book is to stand only as а с 


MICHAEL Lewis 
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ý Р H. 
MOTIVATION AND ORGANIZATIONAL CLIMATE. By е 
Litwin and БВовквт A. Strincer, JR. Boston: Division of Research, re 011. 
School of Business Administration, Harvard University, 1968. Pp. хіп, 
$6.00. 


The authors attempt to demonstrate that organizational climate шин 
determines motives that сап be analyzed in terms of needs for geno 
power, and affiliation. These in turn involve feclings of satisfaction Hs dor n 
from activity of some sort (p. 9). The logie of this position makes Ms the 
tional climate а set of independent variables, with feelings of sat iii i 
dependent variables. Unfortunately, the authors neglect an enormous ше 
on job satisfaction while concentrating on the three needs. The st area 
write in a style that will impress readers who are naive about the шилэнд for 
and about statistics. They repeatedly cite multiple references as gry S 
their conclusions but frequently omit discussion of the contents pe id 
references. This procedure is, of course, one step better than an s ИЙН 
assertion or conclusion, The monograph cites an extensive literature bleis 
should be useful to the student who wishes to study some of the prob 
related to the three needs 


| 2 i ; W. SMITH 
Bowling Green State University "E sun 
Parricia С. SM 


т ЗАХ12А- 
THE DISTRIBUTION oF AUTHORITY IN FORMAL ORo NIK. 
TIONS. Ву Окхк W, Dattox, Lovis B. Bar and ABRAHAM ZALEZ 
Boston: Harvard University Press, 1968. Pp. xii, 229. $6.00. 


è 
Despite the somewhat imposing title, this monograph turns out б 
nothing more than an evaluation of the behavioral and motivational 5 tening" 
ап organizational change designed to “flatten” an organization. (By дан ea 
an organization is meant (а) increasing the decision-making and Р хийж 
Tesponsibilities of those at lower levels in the organization and (b) oe dn o! 
the number of Supervisory levels in the organization.) In essence, the = а 
the study reported is to describe the nature of the attempt at organiza 


jantes 
| i А nsibilitie: 
change (an expansion of the decision-making and planning: теврот ) and 
ofa Eroup of first-line 


then report, the results 
to assess tho effects of t 


com- 


: " aseline 
Son (not, really, control) groups for basel rs dis- 


and separate sections indicating where the co-autho 
other as to interpretation of the findings. е not 28 

On an overall basis, however, the research procedures followed Мэн of a 
rigorous as could be. That is, although the findings support. the a con- 
“power equalization” Approach to organizational performance fa rimarily 
sistently, they are not of the kind to inspire great Бар stant о 
because virtually complete reliance is placed on introspective онч Hence, 
motivational change as a function of the change in the cement might 
there is little or no control for the possibility that the positive ventions (e.g. 
have occurred simply as a function of the desire to balance perc! P ue) or as 
high organizational change "should" lead to high personal change, 


agreed with one ап 
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a result of other such contaminating influences. Furthermore, when this 
weakness is combined with the reluctance of the authors to relate the results 
of their work to obviously relevant contemporary theorctical conceptions 
(e.g. those of McGregor. Likert. and Argyris, among others), the result is а 
book that is not as significant, either empirically or theoretically, as it might 
have been. 


New York University ABRAHAM К. Korman 


BIOLOGY OF EMOTIONS. By Ермехь Jaconsox. Springfield. Ill.: Charles 
C Thomas, 1967. Pp. xvii, 211. $7.50. 


Since 1 
muscular activity in emotion. In this book 
issue up to date with the attempt to present an integrated theory of emotion. 
The central concept of the “welfare response” is introduced and defined as the 
joint activity of involuntary (autonomic) and voluntary (cerebrospinal) 
"effort circuits” toward the accomplishment of a common adaptive goal. 
as welfare responses in which autonomie 


9 Jacobson has been arguing for the importance of neuro- 
obson brings his thinking on this 


Emotions, in this context, are scen 
activity predominates. In his view, emotions сап be controlled only through 
Striated-muscle activity which is under voluntary control (Jacobson's “method 
Of progressive relaxation”) and emotion measured through the recording of the 
Sometimes-minute muscle potentials which accompany all emotional states. In 
Other chapters Jacobson elaborates other concepts important to this theory and 
reviews other theories of emotion, the neurophysiology and physiology of 
emotion, and animal studies (by Gellhorn), as well as some data on human 
Subjects, in support of his general view. 

Jacobson’s work in this area over the past 40 years has not been generally 
accepted by workers in the field of emotion, nor by clinicians attempting to 
deal practically with emotional disorders. This may be unfortunate, but the 
present book will do little to change that, since the author attempts to con- 
vert rather than controvert. A balanced perspective of this field is not pre- 
sented but, rather, only the evidence that generally supports his position. and 
at best this book serves only as a source of Jacobson’s thinking about the 


Biology of Emotions. 
New York University 


ARNOLD M. MORDKOFF 


BIO-MEDICAL TELEMETRY. Ву К. SrvanT MacKay. New York: Wiley, 
1968. Pp. xi, 388. $12.50. 
Electronic-cireuit technology has so developed that really complicated 


funetions ean be realized in very small packages. The implications for 
Medical, biological, and psychological research are obvious. We can now 
carry out a psychophysical experiment in which a whole collection of a 
Subject's physiological variables (EEG, ECG, temperature, ete.) are measured, 
and processed in real time without subject constraint and 


radioed, recorded, 4 i s 
even without his awareness. Dr. Mackay is a pioneer in the development of 
“endoradiosondes” (tiny battery- 


Such techniques, his major interest being the | : 
Powered radio transmitter-transducers ingested by or implantated in a subject 
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ject 

to telemeter some biological quantity) that constitute the bulk of the subjec 
: this book. i 

Me. нийн is at his best when describing his own specific nin alae 
presents (Chapters 1, 5-8, 13. 14, and 16) at least ten experimental “у ded 
ries that include circuit design, transmitter-transducer packaging, p ind the 
on the subject, and examples of the output dz the cases are us ns е 
radio telemetry of accelerometer data from a free-roaming cockroac m. 
radio measurement of blood pressure with a unit implanted next to a han 
subject’s artery, and the ultrasonic telemetry of temperature with | Ес 
swallowed by a dolphin. Transducers are discussed for the meu put 
pressure, temperature, рН, and biopotentials (ECG, EEG). ге ийг 
niques considered include battery-powered radio, passive transponc d dis- 
ultrasonic waves. In Chapter 4, package protection and encapsulation Е t of 
cussed. Chapters 2, 3, and 9-12 present a popularized technical арыг ree 
transistor circuits, signal modulation, radio propagation, transmitters, d Dh 
ceivers; this, of course, is an immensely difficult task of exposition, ana jot 
Mackay docs not bring it off. He starts with basic diode action. but we 
long before terms and phrases such as “filter,” “varicap diode,” anc ie 
familiar Biot-Savart law” are being thrown in with no introduction or Seat 
explanation. No organized discussion is offered of anatomy and pue 
No mathematical arguments or formulas are presented outside Appen of P 
l and 2 (on antennas and carrier frequencies). In fact, it is emm who 
puzzle to decide to just whom the book is addressed; perhaps a biologis 


happens also to be an accomplished га 


adio ham will enjoy it most. | digni 
The book has an important technical flaw in its failure to consider 
quality; the concepts of i 


nformation bandwidth and signal-to-noise oe d 

not even appear. What's worse, at a time when we are coming to yid М 
need for cooperative work by medical-psychological-enginecring pe e 
that the text is permeated with the atmosphere of a lone engineer 0 «апта 
his thing. Dr, Mackay’s interest seems to end when the gast agens d pran thia 
tracing comes off the pen recorder; we look in vain for any pom ч not 
medical or biological significance of his experiments, The тален акі 
Organized well enough nor developed with a sufficiently consistent мн шах 
background to qualify as an important textbook. In effect, we hive Mom ad- 
of professional autobiography of Dr. R. Stuart Mackay, with all o 
vantages and disadvantages that implies. I. FoY 

Radio Systems Laboratory чилээ 

Stanford Research Institute 
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